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1.0 
INTRODUCTION 

This Chemicals of Concern Technical Memorandum is presented as part of the Basehne fisk 
Assessment (BRA) for the Walnut Creek Pnonty Dramage, Operable Unit 6 (OU-6), located 
at Rocky Flats Plant in Golden, Colorado The BRA, which consists of the Human Health 
Rsk Assessment (HHRA) and the Environmental Evaluation, will be included in the Phase I 
RCRA Facility Investigation/Remedial Investigation (RFI/lU) report for OU-6 The RFWRI 
is being conducted pursuant to the U S Department of Energy (DOE) Environmental 
Restoration Program, a Compliance Agreement between DOE, the U S Environmental 
Protection Agency (EPA), and the State of Colorado Department of Health (CDH), and the 
Federal Fachty Agreement and Consent Order (Interagency Agreement), signed in 1991 

This technical memorandum has been developed to select chemicals of concern to be 
evaluated in the HHRA The HHRA wrll evduate potential human health nsks for on-site 
and off-site receptors under current land use and probable future land use conditions, 
assuming no remedial action takes place at OU-6 Chemicals of concern are organic 
chemicals, metals, or radionuclides that exceed background range, that are environmental 
contaminants, and that could be a significant threat to human health under the exposure 
conditions evaluated Chemicals of concern are identified on an OU-wide basis for each 
medium (e g , groundwater, sod) through which exposure to contaminants could occur The 
identification of chemicals of concern will also help focus the efforts of environmental 
transport modeling, descnption of the nature and extent of contamination, and remedy 
selection 

Chemicals of concern are selected for surface soil, subsurface soil, groundwater, pond 
surface water, pond sediment, and stream sediment sampled dunng the Phase I RFI/RI at 
OU-6 These are the environmental media of concern for direct contact with contaminant 
source areas in OU-6 and for contaminant transport Chemicals of concern are identified on 
an OU-wide basis, pooling sample analytical results from the vanous sampling locations for 
each medium OU-6 consists of 21 Individual Hazardous Substance Sites (IHSSs), whose 
locations are shown in Figure 1-1 The IHSSs or IHSS groups and the environmental media 
sampled at each are listed below IHSS groups contain several individual sites, for example, 

(4047 821 OOO9 841) (TM-4 1) (07 21 94 9 Oom) 1-1 



IHSS 142 consists of 10 ponds in the Walnut Creek drainage, numbered 142 1 through 142 9 
and 142 12 

IHSS or Surface Subsurf Ground- Surface Pond Stream 
IHSS Group Name Sod so11 water Water Sed Sed 

141 

142 

143 

156 

165 

166 

167 

216 

Sludge Dispersal 

Ponds 

Old Outfall 

Soil Dump 

Tnangle 

Trenches A,B,C 

Spray Fields 

East Spray Field 

Streams 

X X 

X X X 
X X X 

X X X 

X X X 

X X 

X X X 
X X X 

X 

This technical memorandum is divided mto the followmg sections Section 2 0 descnbes the 
general process to select potential chemicals of concern Sections 3 0 through 8 0 present 
decision cntena specific to each medium and identify the chemicals of concern selected for 
each medium References are listed in Section 9 0 

Appendix A, "Background Companson for Metals and Radionuclides, " summanzes the 
statistical methodology used to compare OU-6 data to background data and includes tables 
showing the results of the statistical tests Statistical tests were used to identify metals and 
radionuclides whose concentrations exceed background levels and which may be 
environmental contaminants These metals and radionuclides are retained for further 
evaluation as potenoal chemicals of concern 

Appendix B, "fisk-Based Evaluation of Infrequently Detected Chemicals, 'I presents the 
screening of infrequently detected compounds ( < 5 percent detection frequency) to identify 
those that ment further evaluation on the basis of an extremely high concentration, as 
special-case chemicals of concern in small areas of localrzed contamination 

(4047 821 ooo9 841) (TM-4 1) (07 21 94 9 Wan) 1-2 



Appendix C, "Total Suspended and Dissolved Solids in Groundwater, " is included to support 
the discussion of contaminants of concern in Section 5 0 

(4047 821 OOO9 841) (TM4 1) (07 21 94 9 Ooam) 1-3 



2.0 
CHEMICALS OF CONCERN SELECTION PROCESS 

2.1 OVERVIEW 

The flow chart for selectrng chemicals of concern for OU-6 is presented m Figure 2-1, 
Process for IdenMyrng Chemicals of Concern The process is intended to identrfy the chef 
envvonmental contammants in each medium that could have adverse mpacts on public 
health In this way, the nsk assessment is focussed on OU-6 contaminants that are potentml 
sigdicant health hazards Inorganic compounds whose concentrahons are w i t h  
background range or that are mmor constituents (e g , rarely detected and/or of low tomcity) 
are excluded from the nsk assessment Orgamc compounds that would contnbute neghgibly 
or not at all to overall nsk are identfied but are not mcluded in the quanhtative nsk 
assessment 

Chemicals of concern were selected on an OU-wide basis for each medium The mdividual 
steps shown in Figure 2-1 are listed below and described in the followmg sections 

2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  

Data Evaluation 
Background Compmson for Inorganic Compounds 
Essential Nutnent Screen 
Frequency of Detection 
ConcentratiodTomcity Screens 
Apphcatwn of Professional Judgment 
fisk-Based Evaluation of Infrequently Detected Compounds 
Identlfication of Chemicals of Concern 

2.2 DATA EVALUATION 

2.2.1 Media-Specrfic Data Sets 

Analytical data from environmental samples collected dunng the OU-6 field sampling 
program and RFP site-wide sampling programs were used to charactem contammation m 

(4047 821 OOO9 841) (TM4 2) (07 2@94 IO 33pm) 2- 1 
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OU-6 The samples were collected from August 1992 through May 1993 Table 2-3 hsts 
the analytical parameters collected by IHSS and sample media For water samples, both 
unfiltered and filtered information are presented Table 2-4 hsts the target compounds 111 
each chemical group Samples from the following media were collected and evaluated 
surficial sod, subsurface sod, groundwater, pond sedment, pond surface water, stream 
sedunent and dry sedunent 

SUrfiClal Sod 

Surficial sod samples were collected usmg the RFP soil method The analytical parameters 
vaned from one MSS to the next as descnbed below Samples were collected from the thud 
quarter of 1992 through the first quarter of 1993 

M S S  141 (Sludge Dispersal Area) - Forty surficial soil samples were collected Samples 
were analyzed for pesticide/PCBs, metals, nitrate and radionuclides 

IHSS 156 2 (Sod Dump Area) - Twenty-two suficial sod samples were collected Samples 
were analyzed for metals, TOC and radionuclides 

IHSS 165 (Tnangle Area) - Fifteen suficial sod samples were collected 
analyzed for metals, TOC and radionuclides 

Samples were 

IHSSs 167 1 and 167 3 (North and South Area Spray Fields) - Thirty-two surficial soil 
samples were collected to a depth of five centmeters Twenty-four surficial soil samples 
were collected m M S S  167 1 Bght surficial soil samples were collected in M S S  167 3 
Samples were analyzed for metals, TOC and radionuclides 

IHSS 216 1 (East Spray Field) - Six surficial soil samples were collected to a depth of five 
centimeters Samples were analyzed for metals, TOC and radionuclides 

‘ I  I 
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Subsurface Sods 

Subsurface soils were collected from the fourth quarter of 1992 through the first quarter of 
1993 Subsurface soil analytical parameters and depth intervals vaned from one MSS to the 
next as descnbed below 

MSS 156 2 (Sod Dump Area) - Twenty-two soil bonngs were d d e d  three feet mto the 
undisturbed sod beneath the fill Samples were taken contmuously in these sod bomgs and 
composited for each 6-foot mterval m the fill matenal An additional composite sample was 
collected from the three feet mterval below the fill Samples were analyzed for VOCs, 
metals and radionuchdes 

MSS 165 (Tnangle Area) - Nine soil bonngs were d d e d  three feet into weathered bedrock 
Two momtonng wells, 76192 and 76292, were ddled to depths of twenty and twenty-two 
and a half feet, respecbvely Samples were collected from the sod bomgs pnor to the 
development of momtonng wells Samples were analyzed for VOCs, SVOCs, metals and 
radionuchdes 

MSS’s 166 1-3 (Trenches A, B, C )  - Twenty-six bonngs were dnlled to five feet below the 
bottom of each trench Elght bonngs were drilled rn Trench A, seven bonngs m Trench B 
and SIX and five in the western and eastern components of Trench C, respectively Samples 
were analyzed for VOCs, metals and radionuchdes 

IHSS’s 167 1 and 167-3 (North and South Area Spray Fields) - Thlrty-four bonngs were 
dnlled to depths of four feet Twenty-five bonngs were dnlled in the North Spray field 
Nine soil bormgs were dnlled in the South Area Spray Field The soil bonngs were sampled 
in two-foot intervals Samples were analyzed for TOC, metals and radionuclides 

IHSS 216 1 (East Spray Field Area) six soil bonngs were drrlled to depths of four feet The 
soil bonngs were sampled m two foot intervals Samples were analyzed for TOC, total 
metals and radionuclides 
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Groundwater 

Groundwater samples were collected from RFP momtomg wells on a quarterly basis under 
a plant-wide groundwater samphg program The plant-wide momtonng program included 
2 momtomg wells installed dumg the OU-6 Phase I mvestigation, and wells installed dumg 
other mvesQgations conducted from 1991 through 1993 

The data used for evaluation of contammant concentrations in OU-6 were taken from samples 
collected from the first quarter of 1991 through the fourth quarter of 1993 The number of 
groundwater samples collected by chemical group were 279 volatde orgamc compounds 
(VOCs) ( 1 1  analyzed by method 502 2,  22 analyzed by method 524 2,  246 analyzed by 
method VOACLP), 14 semivolatlle organic compounds (SVOCs) (all analyzed by method 
BNACLP), 1 1 pesQcidedPCBs (all analyzed by PESTCLP), 191 filtered metals, 107 
unfiltered metals, 172 filtered radionuchdes, 138 unfiltered radionuclides, and 279 water 
quahty parameters (WQPLs) 

Sedments 

Stream Sedments 

Stream sediments were collected usmg a 2-mch dmeter  core sampler with a hand dnver 
Samples were collected to a depth of 2 feet in the stream channels of the A and B Senes 
Detention Ponds The sample withm the tool cavity is then emptied into a stamless steel 
contamer for compositlng using a stainless steel scoop 

The data used for evaluation of contaminant concentrations in stream sedments were from 
15 samples Stream sediments were collected in May 1993 dumg the OU-6 Phase I 
investigation The samples were analyzed for VOCs, SVOCs, pesticide/PCBs, metals, 
radionuchdes and WQPLs 
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Dry Sedunents 

Dry sedunents were collected usmg the RFP sod samphg method The RFP method 
consists of dnvmg a stadess steel jig (lo" x 10" x 5") into undisturbed sod The sample 
w i t h  the tool cavity is then collected using a stamless steel scoop and placed m a stadess 
steel contamer for compositrng Under the FUT method, ten subsamples are used for 
compositrng from the comers and the center of two 1-meter squares, spaced one meter apart 
After the ten subsamples are collected, the sample matend is composited The dry sedunent 
samples were collected in the floodplms of the A and B senes ponds, not the stream 
channels 

The data used for evaluation of contamlnant concentrations m dry sedunents were from 18 
samples collected in February 1993 The samples were analyzed for SVOCs, pesticide/ 
PCBs, metals, radionuchdes and WQPLs 

Pond Sedunents 

Pond sedunents were collected by the RFT site-wide surface water program Each pond was 
sampled at five locations One of the five sediment samples was collected from w i t h  5 feet 
of each pond inlet The second sample was collected from the deepest part of each 
respective pond The other three samples were collected at random locations withm each 
pond Samples were collected in two-foot depth mtervals If the sediment depth was greater 
than 2 feet, an additional sample was collected from two to four feet Among the ten ponds, 
seven samples were collected m the two to four-foot interval Each sample collected was 
a composite of the 2 foot interval 

The data used for evaluation of contaminant concentrations m pond sediments were from 62 
samples Samples were 
analyzed for VOCs, SVOCs, pesticides/PCBs, metals, radionuclides and WQPL 

The samples were collected dunng the fourth quarter of 1992 
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Pond Surface Water 

The RFP site-wide surface water samphg program collected the pond surface water 
samples Five surface water samples were collected from each of the four A Senes 
Detention Ponds and five B Senes Detention Ponds and the Walnut and Indiana Pond One 
of the five samples was collected from the deepest part of the pond A second sample was 
collected from withm five of the inlet The thud sample was collected withm five feet of 
the pond splllway Data used to 
evaluate OU-6 contammation m pond surface water samples were collected m the t h d  and 
fourth quarter of 1992 Samples were analyzed for VOCs, SVOCs, pesbcide/PCBs, filtered 
metals, unfiltered metals, filtered radionuchdes, unfiltered radionuchdes and WQPL 

The two remanmg samples were collected randomly 

2.2.2 Data Reviewing and Editing 

The OU-6 field program began August of 1992 and was completed m May 1993 A total 
of 103,000 records were reported for OU-6, Nmety-two percent of the data for OU-6 has 
been vahdated, totalrng 95,000 records The process descnbed below are the steps taken to 
review and edit the OU-6 data 

Monthly data averages were received from the Rocky Flats Environmental Data System 
(WEDS) untll January 15, 1994 The data dehvenes were segregated by vahdated and 
nonvahdated data After the last delivery It was determined whch data records were missmg 
or had not been validated Then the data records identified as being received but not 
vahdated were added to the vahdated data set 

A complete data set for OU-6, with the exception of unreported results as of January 15, 
1994, is included in the OU-6 Phase I Report In total, ninety-five records were not 
received Thlrty-one of these records were from samples cited as insufficient sample volume 
(all were for radionuchdes) Fifteen of these records were from samples received by the 
laboratory and not yet analyzed (all of these samples are lab replicates for radionuclides) 
Twenty-three records are missing because samples were lost dunng shipment to the lab 
(three radionuchde samples compnse fifteen of these records) 
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The next step in the data evaluation process was to remove quahty control samples, such as 
equipment nnsates The blanks, splkes, and surrogates were removed by RFFDS 

Data records were checked for multiple records When multiple records were idenWied, 
WEDS personnel were consulted to assist in determmation of appropnate records to keep 
and use m the report 

After the multiple record check, any R-quallfed (rejected) data were removed from the data 
files For OU-6, 555 records were rejected (radionuchde analytes compnsed 233 of the 
rejected records) Th~s represents less than one percent of the data 

Field duphcates and the associated real sample were identified and averaged Thls average 
result replaced the reported result for the real sample An astensk has been attached to 
reported result to designate the reported real result is an averaged result of the real and 
associated field duplicate 

The following data laboratory qualfiers were reported 

The B quaMer for a metal result signifies that the reported concentration is greater 
than the instrument detection h i t  (IDL) but less than the contract r e q u d  detection 
h i t  (CRDL) for that analyte These data were used as reported 

The B qua ie r  for orgmcs indicates the analyte was found in the method blank and 
the real sample These data were used as reported 

E-qualrfed data (exceeded the calibration range) were replaced with the associated 
D-qualified data (dlluted to within calibration range), If the D-quallfied record was 
received In many cases only the E-qualified record was reported, m thrs case the 
data was used as reported 

R-qualified data (not usable accordmg to EPA cntena) were elimmated R-quallfied 
results represent a small portion of the organic and inorgamc data, but a larger 
percentage of the radionuclide records The R-qualified data appear only in data that 
has been validated 

' I  
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Analytical results were J-quahfied if the analyte was positively identlfied below the 
quantitation hmit The result was considered an estimate because of the uncemnty 
associated with detected concentration at low levels Data quahfkd with a J were 
used as reported 

A U qualrfier assigned to an analytical result mdicates that the analyzed chemical was 
not detected above the sample quantitation hmit The U quaMer was the pnmary 
mechasm used for evaluating detection frequency for the o r g a c  and morgac 
constituents The U-qualtfied data were used as nondetects for detection frequency 
determmation, but one-half the reporting b i t  was used as the concentration m the 
statistical evaluations (background companson) 

For radionuchdes, negative values were used as reported, therefore, there were no 
radionuchde non-detects 

2.3 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS 

Analytical results for metals and radionuclides were compared to background levels denved 
from data for subsurface soils, groundwater, seeps/spnngs, and stream sediment reported m 
the Background Geochemical Charactemtion Report (DOE 1993) and from background 
surface sod samples collected UI the Rock Creek area dumg the 1991 OU-1 Phase III 
investiga~on and the 1993 OU-2 Phase 11 investigation Metals and radionuclides whose 
concentrations did not exceed background levels were elimmated from further consideration 
as potential chemicals of concern 

Appendix A presents the background companson methodology in detad and contams 
summary tables of statistical results for metals and radionuclides in all media The cntena 
used to evaluate whether a metal or radionuclide exceeded background levels are summartzed 
here 

a Analytical results for metals and radionuclides were compared to the 
background data using four statistical tests the Quantlle test, Slippage test, 
Student’s t-test, and the Gehan test as descnbed in the letter report of Gdbert 
(Gilbert 1993) Test conditions and treatment of nondetect values are 
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discussed m Appendlx A 
background If it faded any test at the p 5 0  05 level 

The analyte was considered to be above 

b WII+,,,, Compmson Analytical results for each metal and radionuclide were 
compared to the 99 percent upper tolerance b i t  of background data 
calculated at the 99 percent confidence level The zrlrlL99/99 test is 
an mdicator of possible hot spots (Gdbert 1993), but with large sample sues 
of one to two hundred, it is to be expected that one or two data pomts would 
exceed the value Nevertheless, If any result exceeded the %/,,, 

the analyte was identlfied as a potential chemical of concern 

Some analytes did not fad any of the four statistscal tests (that is, no significant statistical 
dlfference from background was found), but they were identlfed as potential chemicals of 
concern solely on the basis of one or more results exceedmg the of background 
In ths case, if three or more results exceeded the -f99, the analyte was retamed for 
evaluation m the concentrahonltoxlcity screens for identificahon of OU-wide chemicals of 
concern (see Section 2 6) If only one or two results exceeded the UTI+,99, but no statistical 
dlfference from background was found, the analyte was remned for "hot spot" evaluation 
in the nsk-based screen descnbed in Section 2 8 

2.4 ESSENTIAL "T SCREEN 

Calcium, iron, magnesium, potassium, and s o u m  were ehmmated from further 
consideration as chenucals of concern because they are essential nutnents, they occur 
naturally m the envlronment, and they are toxic only at very high doses Anions in 
groundwater other than nitrates were also not evaluated further 

2.5 FREQUENCY OF DETECTION 

All detected organic compounds and metals above background levels were evaluated for 
frequency of detection Compounds that were detected at a frequency of 5 percent or greater 
were considered potential OU-wide chemicals of concern These compounds were mcluded 
in concentration/toxlcity screens to identlfy compounds that could contnbute signlficantly to 
total nsk (see Section 2 6) Compounds detected at less than 5 percent frequency can be 
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ehmated from further consideration because the compound is not charactenstic of site 
contamination and the potential for exposure is low Nevertheless, maxlfnum concentrations 
of mfrequently detected organic compounds and metals were compared to nsk-based 
concentrations as descnbed m Section 2 8 to identlfy isolated or hrghly locabzed occurrences 
of hrgh concentrations of toxlc chemicals (I e , hot spots) that could pose a nsk If routine 
exposure were to occur These chemicals were retamed as "special case" chemicals of 
concern for evaluation m the nsk assessment Since there were no non-detect results for 
radionuchdes (negative values were used as reported), they were considered to be detected 
at 100 percent frequency 

2.6 CONCENTRATION/TOXICITY SCREEN 

Chemicals of concern were selected using concentration/toxicity screens for noncarcmogens, 
carcinogens, and radionuchdes The screens included each orgamc chemical detected and 
inorgmcs above background levels, detected at 5 percent frequency or greater, m each 
medium of concern The purpose of applylng the screen is to focus the nsk assessment on 
the chief contnbutors to potential nsk To perform the screen, each chemical m a medium 
(such as groundwater) is scored according to its maxlmum detected concentration and toxicity 
to obtam a nsk factor The nsk factor for noncarcinogemc effects is the maxlfnum detected 
concentration divided by the EPA Reference Dose (RfD) for that chemical The nsk factor 
for carcinogenic effects (and for radionuchdes) is the m m u m  detected concentration 
(activity) multiphed by the EPA cancer slope factor (SF) for that chemical (and 
radionuclide) The chemical-specific nsk factors are summed to calculate total nsk factors 
for the noncarcmogemc, carcmogemc, and radioactive chemicals of potential concern in each 
medium The rabo of the nsk factor for each chemical to the total nsk factor is called a nsk 
index and appromates the relative nsk associated with each chemical in the medium 
Separate concentration/toxlcity screens are performed for carcinogenic and noncarcmogenic 
effects of orgamc compounds and metals and for carcinogenic effects of radionuclides 

Each chemical that compnsed 1 percent or more of the total nsk factor was considered a 
chemical of concern for evaluation in the quantitative nsk assessment This approach 
reduces the number of chemicals to be carned through a nsk assessment However, the 
approach is conservative (health protective) because it retains some chemicals that contnbute 
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as httle as 1 percent of the total potential nsk 
contnbute the majorrty of potential nsk ~fl each medium 

In most cases, only a few chemicals 

EPA-recommended toxicity factors (RfDs and cancer SFs) were used m the concentrabon/ 
tomcity screens SFs and RfDs were determined from IRIS (EPA 1994), HEAST (EPA 
1993) and other EPA sources if avadable The toxicity factors used m the screens are listed 
m Tables 2-1 and 2-2 

EPA-estabhshed tomcity factors are not avadable for some of the potentd chemicals of 
concern Therefore, these analytes cannot be mcluded m the concentrahodtoxlcity screens, 
m other tomcity-based screens, or in the quantitative nsk assessment OU-6 contammants 
without tomcity factors were identified for each medium and are hsted m each section The 
potential impact of these compounds on overall nsk will be addressed quahtatively in the 
human health nsk assessment 

2.7 APPLICATION OF PROFESSIONAL JUDGMENT 

Professional judgment was used at three points in the process of selecting chemicals of 
concern for health nsk assessment 

1 Background -/, companson The background UTL99,,s presented m the 
Background Geocheacal Charactenzation Report (DOE 1993) were 
calculated assummg that the background data were normally distnbuted This 
assurnpbon may not be appropnate for all analytes Concentrations of some 
d y t e s  were w i t h  background range accordmg to all statistical tests 
performed but one or two results exceeded the background w/99 This 
resulted in identrfying the analyte as a potential chemical of concern For 
some of these analytes, the distnbution of the background data were tested 
If the better fit was to a log normal distnbmon, the %,, was recalculated 
based on log-normal distnbution and the site results were compared to the 
log-normal-based -,% This resulted in removmg some analytes as 
potential chemicals of concern These are noted in the tables m Appendlx A 
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2 Percent of total nsk factor In the concentration/toxicity screens, chemicals 
contnbutmg somewhat less than 1 percent of the total nsk factor were 
retamed as OU-wide chemicals of concern 

3 Spatialltemporal and geochemical evaluation The spatial and temporal 
distnbution and geochemical charactenstics of certam metals and 
radionuchdes identlfied as bemg above background levels were evaluated to 
support a conclusion as to whether they were hkely to be naturally occumg 
or due to environmental contamination For example, manganese in 
groundwater was concluded to be naturally occumg based on spatial, 
temporal, and geochemical evaluation Thts judgment process resulted rn 
removing several metals and radionuchdes as potentd chemicals of concern 
All such professional judgment is descnbed m each section, where relevant 

2.8 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 
COMPOUNDS 

Chemicals detected mfrequently (in less than 5 percent of all samples in the medium) can 
usually be ehmmated from consideration as chemicals of concern because they are not 
charactenshc of site contammation and the potential for exposure is low However, these 
compounds were further screened so as not to neglect an mfrequently detected compound that 
could codnbute significantly to nsk if routme exposure to a hot spot were to occur In this 
analysis, m m u m  measured concentrations were compared to screemng levels equivalent 
to lo00 x nsk-based prehminary remediation goals (PRGs) (DOE 1994) Thts analysis is 
summanzed below and is presented in deml in Appendix B 

For screening purposes, PRGs were defined as chemical concentrations associated with an 
excess cancer nsk of lo6 (1 in 1 mdlion) or a hazardous mdex for noncarcinogemc effects 
of 1, assuming residenml exposures Any mfrequently detected chemicals measured at a 
concentration greater than lo00 times the respective PRG was identified as representing a 
potentially sigIllficant health threat if exposure were to occur and was included in the list of 
"special case" chemicals of concern for evaluation in the nsk assessment 
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PRGs were calculated (DOE 1994) assummg a residential exposure scenmo and usmg 
standard toxlcity values (RfDs and SFs) published by EPA Chemicals m surface and 
subsurface sods were calculated assuming multiple pathway exposure (ingestion, dermal 
contact, and mhalation of pmculates) PRGs for chemicals m groundwater were calculated 
based on mgestion only, smce ths was assumed to be the chief groundwater exposure route 
The exposure parameters used to calculate PRGs are presented m Appendix B 

2.9 IDENTIFICATION OF CHEMICALS OF CONCERN 

OU-wide chemicals of concern were identlfied on the basis of the background compmson 
and apphcation of the concentratiodtoxlcity screens Special-case (hot spot) chemicals of 
concern were identified usmg the nsk-based PRG screen for mfrequently detected 
compounds OU-wide and special-case chemicals of concern for each medium are 
summanzed in each section of thls memorandum 
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TABLE 2-1 
ROCKY FLATS OU-6 

TOXICITY FACTORS FOR 
ORGANIC COMPOUNDS AND METALS 

oral Inhalabon Evidence oral 
1 OE 01 (2) 

Slope Factors EPA Cancer Refemce Doses Refemce 

Inhalabon (*) 
140E 01 

Anawe 
1 1 Dlchloroethane 
1 1 Dtchloroethene 
1 2 4 Tnchlorobewne 
1 2-Dichloroethane 
1 2 Dichloroethene 
1 2 Duwthylbenzene (0-xylene) 

1 3 Dunethylbenzene (m xylene) 
1 4 Dichlorobenzene 
2 Butanone 
2-Chlorphenol 
4-Methyl 2 pentanone 
4-Methylphenol 
Acenaphthene 
Acetone 
Aldnn 
Alununum 
Anthracene 
Anumony 
ArselUC 
Banum 
Bl?lliZlE 
Benzo( a)anthracene 
Benzo(a)pyrene - 

Benzo(b)fluoranthene 
Benzo(k)fluomthene 
Benzoic acid 
Benzyl alcohol 
Beryllium 
Bis(2ethylhexyl)phthalate 
Butylbenzene (sec tert) 
Butyl benzylphthalate 
cadrmum (food) 
Cadmum (water) 
Carbon &sulfide 
Carbon teuachlonde 
Chlorobenzene 
Chlorofom 
Chromum Ill 
Chry== 
Cobalt 
h n butylphthalate 
Dt n-octylphthalate 
hbenzo(4h)anthraane 

Diethyl phthalate 
Ethylbenzene 

CIS 1 2-Dichlo~~thene 
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6 OE 01 ( I )  

9 1E 02 ( I )  

2 4E 02 (2) 

17E+01 ( I )  

1 7E+OO (7) 

2 9E-02 ( I )  

7 3E+OO (4) 
7 3E 01 (4) 
7 3E 02 (4) 

7 3E-01 (4) 

4 3EMO (1) 
1 4E-02 (1) 

13E 01(1) 

6 IE 03 (1) 

7 3E 02 (4) 

7 3E+00 (4) 

17E 01 (1) 

9 1E-02 (1) 

17 1E+W(U 

15E+01 (7) 

2 9E-02 (1) 

8 4 E 4 0  (1) 

6 3E+OO (1) 

52E02(1)  

8 OE-02 (1) 

C 
C 

B2 

C 
D 

B2 

A 

A 
B2 
B2 
B2 
B2 

B2 
B2 

C 
B1 
B1 

B2 

B2 

B2 

D 
D 
B2 

D 

90E63(1) 
lOE02(1) 

9 OE 03 (2) 
2 OE+OO (1) 
1 OB02 (2) 
2 OE+OO(l) 

60E01(1) 

5 OE 02 (2) 

6 OE-02 (1) 

5 OE-03 (1) 

5 OE-03 (6) 

1 OE-01 (1) 
3 OE-05 (1) 
2 9E+OO (6) 
3 OE-01 (1) 
40E-04(1) 
30E-04(1) 
7 OE 02 (1) 

4 OE+OO (1) 
3 OE 01 (2) 
50E03(1) 
2 OE 02 (1) 
1 OE 02 (6) 
2 OE 01 (1) 
1 OE 03 (1) 
5 OE 04 (1) 
1 OE 01 (1) 

20E02(1)  
1 OE 02 (1) 
1 OE+OO ( I )  

18E-01 (6) 
1 OE 01 (1) 
2 OE 02 (2) 

8 OE 01 (1) 

7 OE-04 (1) 

1 OE-01 ( I )  

3 WE-03 

2 30E-01 
3 OOE 01 

2 30E 02 

1 40E 04 

2 90E 03 

5 70E 03 

300e0 

mdm’ 
5 OE 01 (3) 

9 OE 03 (3) 

8 OE 01 (2) 
1 OE+OO ( I )  

8 OE 02 (3) 

5 OE 04 (3) 

1 OE 02 (2) 

2 OE 02 (3) 

1 OE+OI ( 
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TABLE 2-1 
(Concluded) 

Anam 
Fluoranthene 
Fluorene 
gamma BHC 
Heptachlor epoxide 
Inden61 2 3cd)pyrene 
Lithium 
Manganese (food) 
Manganese (water) 
Mercury 
Methylene chlonde 
Molybdenum 
Naphthalene 
Nickel 
Nitrate 
pentachlorophenol 
phenol 
Polychlonnated biphenyls 
Pyre= 
Selenium 
Sllver 
Suontlum 
Styrene 
Tetrachloroethene 
Thallium (oxide) 
Tin 
Toluene 
Tnchlmthene - 

Xylene p** 
vanadium 
ZlnC 

SourceS 

(I) = IRIS 

EPA Cancer 
Slope Factors Weight of Reference Doses 

Inhalation Inhalation (*) RfC oral 

9 1E+OO ( I )  
7 3E 01 (4) 

7 5E-03 (I) 

12E 01(1) 

7 7E+OO ( 1 )  

5 2E 02 (5) 

1 1E 02 (5) 

9 lE+OO (I) 

1 6E-03 (I )  

8 4E 01 (1) 

2 OE 03 (5) 

6 0E-03 (5) 

Evidence 

B2 
B2 

D 
D 
D 
B2 

A 

B2 
D 
B2 
D 

D 

82 

D 
B2 

D 

oral 
4 OE 02 (I) 
4 Ob02 (1) 
3 OE 04 (1) 
I 3E 05 (I) 

2 OE 02 (6) 
1 4E 01 (1) 
5 OE 03 (1) 
3 OE 04 (2) 
6 OE 02 (I) 
5 OE-03 (1) 
4 0e-02 (6) 
2OE02(1) 
1 6E+00 (I )  
30E-02(1) 
6 OE 01 (I)  

30E-02(1) 
5 OE 03 (I) 
5 OE 03 (I) 
60E-01 (1) 
2 OE 01 ( I )  
1 OE 02 (1) 
7 OE 05 (2) 
6 OE 02 (2) 
2 OE 01 (1) 

2 OE+OO (1) 
7 OE 03 (2) 
3 OE 01 (I) 

(2) = HEAST 1993 and Supplement (EPA 1993a) 
(3) = HEAST 1993 Table 2 (EPA 1993a) 
(4) = (EPA 1993b) 
(5) =Joan S Dollarhide Supefind Health Risk Technical Support Center Carcmogenrcity Charactenmuon of 

(6) = Provisional values for alununum butylbenzene cobalt lithium and naphthalene USEPA ECAO 
(7) = Convened from IRIS unit nsks Oral proposed U R = 5 00E-05/ug/L Inhalation U R = 4 3OE-O3/ug/m3 

* Calculated from RfC RfD = RfC x 2Om3/day/7Okg 
** 0- and m-xylenes are listed as l,2 and 1 3-dunethylbenzene 

Perchloroethylene (PERC) and Trichloroethylene (TCE) (Luke Au Force Base Anmna) ECAO 

Oral SF = 5 WE 05 x looOUg/mg x 7Okg/2L Inhalation SF = 4 30E-O3/ug/m3~1000ug/rngx70kg/2Om3 

1 4OE 05 

9 OOE 05 
9 WE 01 

2 80E+00 

1 IOE-01 

5 OE 05 (1) 

3 OE-04 (2) 
3 OE+OO (2) 

1 OE+OI (1) 

40EOO(1) 
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TABLE 2-2 
ROCKY FLATS PLANT OU-6 

SLOPE FACTORS 
FOR RADIONUCLIDES 

EPA Cancer 
Oral Inhalation External Weight of 

Analyte (RlsWpC1) (Rlsk/pCi) (Rlsk/yr/pCl/g) Evidence 
Amencium-24 1 2 4E-10 3 2E-08 4 9E-09 A 
Cesium- 137 +D 2 8E-11 19E-11 2 OE-06 A 
Plutonium-23 9 2 3E-10 3 8E-08 17E-11 A 
Plutonlum-240 2 3E-10 3 8E-08 2 7E-11 A 
Radl~m-226 +D 12E-10 3 OE-09 6 OE-06 A 
Radl~m-228 +D 1 OE-10 6 6E-10 2 9E-06 A 
Stronuum-89 3 OE-12 2 9E-12 4 7E-10 A 
Strontium-90 +D 3 6E-11 6 2E-11 0 OE+OO A 
Tntium 5 4E-14 7 8E-14 0 OE+OO A 
Urmum-233,234 * 16E-11 2 6E-08 3 OE-11 A 
Uraruum-235 +D 16E-11 2 5E-08 2 4E-07 A 
Uraruum-238 +D 2 8E-11 5 2E-08 3 6E-08 A 

Source HEAST 1993 (EPA 1993a) 

* = Slope factors shown are for U-234 
+D = msks from radioactwe decay products included 
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TABLE 2-4 
OU-6 PHASE I RFI/RI ANALYTICAL PARAMETERS 

TARGET ANALYTE LIST (TAL) - METALS 
Alummum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Cyanide 
Iron, Total, Dissolved 
Lead 
Magnesium 
Manganese, Total Dissolved 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Copper 

ADDITIONAL - METALS 
Cesium 
Lithium 
Mo 1 y bdenum 
Silicon 
Strontium 
Tin 

GRAPHITE FURNACE ATOMIC ABSORPTION 
(GFAA) - METALS 

Cadmium 
Copper 
Iron Total 
Lead 
Manganese 
Silver 
Zinc 

(4047 821-wo9-841) (TBL2-4) (07R0194 1 I MM) 

~ 

TARGET COMPOUND LIST (TCL) - VOCS 
Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1,l -Dtchloroethene 
1,l -Dichloroethane 
total 1,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon tetrachloride 
Vrnyl acetate 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1 2-Dichloropropane 
cas- 1,3-Dtchloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
trans- 1,3-Dichloropropene 
Bromoform 
2-Hexanone 
4 -Me thy 1-2 -pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total xylenes 

TCL - SVOCS 
Phenol 
bis(2-Chloroethy1)ether 
2-Chlorophenol 
1.3 -Dichlorobenzene 
1 4-Dichlorobenzene 
Benzyl alcohol 
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TABLE 2-4 
(continued) 

1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropy1)ether 
4-Methylphenol 
N-Ni troso-di-n-dipropy lamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4 -Dime thy lpheno 1 
Benzoic acid 
bis(2-Ch1oroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 

(para-chloro-meta-cresol) 
2-Methylnaphthalene 
Hexac hlorocy clopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthy lene 
2.6-Dinitrotoluene 
3-Nitroaniline 
Acena phthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2.4-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodipheny lamine 
4-Bromophenyl phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-buty lphthalate 
Fluoranthene 

Pyrene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexy1)phthalate 
Di-n-octy lphthalate 
Benzo(b)fluoranthene 
Benzo&)fluoranthene 
Benzo(a)pyrene 
Indeno( 1.2,3-cd)pyrene 
Dibenz(a,h)anth.racene 
Benzo(g,h,i)pery lene 

TCL - PESTICIDESPCBs 
alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldnn 
Heptachlor epoxide 
Endosulfan I 
Dieldnn 

Endnn 
Endosulfan I1 

Endosulfan sulfate 

Methoxychlor 
Endrin ketone 
alpha-C hlordane 
gamma-C hlordane 
Toxaphene 
Aroclor-1016 
Aroclor-122 1 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor- 1254 
Aroclor- 1260 

4,4'-DDE 

4,4'-DDD 

4 4'-DDT 
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TABLE 2-4 
(continued) 

RADIONUCLIDES 
Gross Alpha 
Gross Beta 
Uranium 233+234,235, and 238 

(each species) 
Amencium 241 
Plutonium 2391240 
Tritium 
Cesium 137 Total 
Strontium 89 + 90 Total 

TOTAL ORGANIC CARBON (TOC) 
NITRATEMITRITE AS N 

Parameters Exclusivelv for Groundwater Samdes 

FIELD PARAMETERS 
PH 
Specific Conductance 
Temperature 
Dissolved Oxygen 
Barometric Pressure 

WATER QUALITY PARAMETER LIST (WQPL) 
Chloride 
Fluoride 
Sulfale 
Carbonate 
Bicarbonate 
Total Dissolved Solids 
Total Suspended Solids 

ADDITIONAL. PARAMETERS FOR IHSS 
142 1-9 AND 12 WATER SAMPLES 

DOC 
Silicon 
Alkalinity 
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3.0 
SURFACE SOIL CHEMICALS OF CONCERN 

3.1 SURFACE SOIL DATA SET 

Chemicals of concern rn surface soil were selected usmg data collected at all OU-6 IHSSs 
at whch surface sod samples were collected except the Old Outfall (IHSS 143) The Old 
Outfall was excluded because it is proposed to omit th~s MSS from the OU-wide basehe 
human health nsk assessment The outfall is a small site located well below ground surface 
111 the mdustnahd zone distant from other OU-6 IEISSs, soils at the site are fill brought in 
for grading, and future action wdl 111 part be dictated by its location in the industnallzed zone 
of the plant Although a baseline nsk assessment is not proposed for IHSS 143, a separate 
nsk-based evaluation wdl be performed using a PRG screen for all detected analytes above 
background levels Consequently, surface and subsurface sod samples from the Old Outfall 
were excluded from the data set for se1-g OU-wide chemicals of concern 

The data set mcludes 119 surface soil samples that were analyzed for metals and anywhere 
from 18 to 125 samples analyzed for vanous radionuclides In addition, 55 surface soil 
samples at the Sludge Dispersal Area (IHSS 141) and the Tnangle Area (IHSS 165) were 
analyzed for pesticides/PCBs The sampling and analytical program is summanzed in Tables 
2-3 and 2-4 Sample szes for each analyte are listed in the Background Companson 
Summary Tables in Appenhx A 

3.2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 3-1 and 3-2 summame the maxmum detected concentrations, detection frequencies, 
and results of the background companson for metals in OU-6 surface soil samples The 
statistical cornpansons to background data are presented in detad in Appendix A Only 
molybdenum was detected at less than 5 percent frequency Radionuchdes are assumed to 
be detected at 100 percent frequency, and radionuclides above background levels are listed 
in the concentratioxdtoxlcity screen m Table 3-5 

(4047 821 ooo9 841) VM-4 3) (07-20-94 9 44pm) 3- 1 
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Background surface soil data consist of analytical results from samples collected at 18 
locations rn the Rock Creek area Nine of the sites were sampled 111 February 1992 and the 
r e m m g  nme sites were sampled m March 1993 All surface soil samples at background 
and OU-6 samplrng locations were collected using the RFP method, a composite method in 
whlch the top 2 inches of sod are collected 

Metals and radionuchdes above background levels and detected at 5 percent or greater 
detection frequency were included in concentratiodtoxicity screens to select OU-wide 
chemicals of concern, with the following exceptions 

Analytes Excluded as OU-Wide Potential Chermcals of Concern 

Statlstlcdly > Background No Results Maxlmum 
Andyte Background7(') U%m ' U%/99 Concentration 

Chrormum No 24 8 mgkg 1 35 1 mgkg 

Silver No 10 mg/kg 1 52 7 mgkg 

U-233,234 No 1 824pCi/g 1 2 02 pCdg 

( I )  See Appendix A 

In each case, only one sample result exceeded the background UTL,,9,99 However, none 
were sigmfkantly different than backgmund accordmg to the statistical tests descnbed in 
Appends A Because only a single result exceeded background range, these analytes were 
rejected as potential OU-.wide chemicals of concern but were included in the nsk-based PRG 
screen to identify special case chemicals of concern (Appendix B) 

3 3 CONCENTRATION/TOXICITY SCREENS 

Concentration/toxicity screens for surface soils are presented in Tables 3-3 through 3-5 All 
analytes that contnbute at least 1 percent of the total nsk factor are remned as OU-wide 
chemicals of concern In addition, two metals that each contnbute 0 9 percent of the total 
nsk factor are also remned as chemicals of concern OU-wide chemicals of concern are 
listed below and in Table 3-7 

(4047 821 0009 841) (TM-4 3) (07 20-94 9 44pm) 3-2 
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OU-Wide Chemicals of Concern 
Surface Soil 

Antunony 
Mercury 
Nickel 
Vanadium 
Zinc 
Plutomum-239,240 
Amenciurn-241 

Compounds detecta above background levels that do not have EPA-estahhed toxlcity 
factors are hsted in Table 3-6 Copper and lead were detected above background levels in 
surface sods but do not have EPA toxlcity factors and, therefore, cannot be evaluated m a 
toxlcity- or nsk-based screen The potential contnbubon of these metals to overall nsk will 
be evaluated quahtatively in the nsk assessment 

3.4 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 
COMPOUNDS 

Maximum concentrations of Aroclor- 1254 and molybdenum (each detected at 1 percent 
frequency) and of chromium, silver and umum-233/234 (as exphed  in Section 3 2) were 
compared to values equivalent to 1000 tunes the chemical-specific PRGs The PRGs were 
calculated assunmg resldential exposure to sufiicial sod and are used to identlfy special case 
chemicals of concern that could pose a health nsk if exposure were to occur in a hlghly 
localmxi area The screen is discussed in Appendlx B and the results for suficial soil are 
presented in Table B-1 

None of the maxmum concentrations of chemicals detected at low frequency in surficd sod 
exceeded the lo00 times PRG value Therefore, there are no special case chemicals of 
concern in surface soils for OU-6 

(4047 821 OOO9 841) (TM-4 3) (07-20-94 9 44pm) 3-3 
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(4047 821 0009 841) (TBL3 1 XLS) (7/20/942 08 PM) 

TABLE 3-1 
ROCKY FLATS PLANT OU-6 

METALS DETECTED AT 5% OR GREATER FREQUENCY 
SURFACE SOIL"' 

Mmmum Detected Detecuon 
Concentrauon Frequency 

Chemcal (mgfl<g) % > Background? 
Alurmnum 24100 100 No 
Anumony 43 6 47 Yes 
Arsenic 11 100 No 
Bmum 272 100 No 
Beryllium 1 5  90 No 
Cadrmum 6 4  41 No 
Cesium 35 4 86 No 
chromum 35 1 99 Yes 
Cobalt 20 3 100 Yes 
Copper 61 6 100 Yes 
Lead 68 7 100 Yes 
Lltluum 18 1 95 No 
Manganese 823 100 No 
Mercury 0 34 41 Yes 
Nickel 22 5 95 Yes 
Selenium 1 3  35 No 
Silver 52 7 8 Yes 
Strontium 255 100 Yes 
Thallium 0 55 44 No 
Tin 
Vanadium 
Zinc 

38 7 
75 9 
650 

5 
100 
100 

No 
Yes 
Yes 

( I )  Excludmg Old Outfall (MSS 143) 
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TABLE 3-2 
ROCKY FLATS PLANT OU-6 

METALS AND PESTICIDES DETECTED AT 
LESS THAN 5% FREQUENCY 

SURFACE SOIL"' 

Maximum Detected Detecbon 
Concentrabon Frequency 

Chemical (mg/kg) Y O  > Background? 
Aroclor- 1254 0 425 1 
Molvbdenum 9 9  1 Yes 
(') Excluding Old Outfall (MSS 143) 

I 
t 
1 
1 
u 
I 
R 
1 
1 
I 
P 
1 
I 
1 
t 
I 
1 
1 
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TABLE 3-3 
ROCKY FLATS PLANT OU-6 

CONCENTRATION/TOXICITY SCREEN 
SURFACE SOIL"' 

NONCARCINOGENS 

Maximum 
Detected Inhalatlon Oral h s k  h s k  of Total 

O/ 

Chermcal Conc (mg/kg) m RfD Factor Index h s k  Factor 
Anhmony 43 6 n/a 4 OE-04 11Ei-05 87E-01 87 3 
Vanadlum 75 9 n/a 7 OE-03 1 lEi-04 87E-02 8 7  
Zinc 650 n/a 3 OE-01 2 2E+03, 17E-02 1 7  
Mercury 0 34 n/a 3 OE-04 11Ei-03 91E-03 0 9  
Nickel 22 5 n/a 2 OE-02 11Ei-03 9OE-03 0 9  
Strontlum 255 n/a 6 OE-01 43E+02 34E-03 0 3  
Cobalt 20 3 n/a 18E-01 11Ei-02 90E-04 0 1  

Total h s k  Factor 12Ei-05 

RfDs are in units of mgkg-day 
n/a = not available 
( I )  Excludmg Old Outfall (IHSS 143) 
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TABLE 3-4 
ROCKY FLATS PLANT OU-6 

CONCENTRATION/TOXICITY SCREEN 
SURFACE SOIL“’ 
CARCINOGENS 

Maxlmum YO 
Detected Inhalabon Oral h s k  h s k  of Total 

Chenucal Conc (mgkg) m m Factor Index h s k  Factor 
Nickel 22 5 8 4E-01 n/a -- -- -- 

Total Rwk Factor 0 OEM0 

Slope factors are in m t s  of l/(mgikg-day) 
d a  = not avlulable 
( ’ I  Excluding Old Outfall (IHSS 143) 
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TABLE 3-5 
ROCKY FLATS PLANT OU-6 

CONCENTRATION/TOXICITY SCREEN 
SURFACE SOIL"' 
RADIONUCLIDES 

Mmmum % 
Detected Inhalation Oral fisk fisk ofTotal 

Chemcal onc (mg/kg RfD RfD Factor Index hskFactor 
Plutonium-239 240 1522 38E-08 23E-10 35E-09 82E-01 8 1 8  
Amencium-24 1 3243 32E-08 24E-10 78E-10 18E-01 182 

Total Rnk Factor 4 3E-09 

Slope factors are in umts of l/pCi 
* Inhalation pathway is considered relatively minor in outdoors compared to direct ingesuo 

( I )  Excluding Old Outfall (MSS 143) 
factors were used to calculate the nsk factor 
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TABLE 3-6 
ROCKY FLATS PLANT OU-6 

METALS ABOVE BACKGROUND 
WITHOUT EPA TOXICITY FACTORS 

SURFACE SOIL 

Copper 
Lead 
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TABLE 3-7 
ROCKY FLATS PLANT OU-6 
CHEMICALS OF CONCERN 

SURFACE SOIL 

OU-Wide 
Anhmony 
Mercury 
Nickel 
Vanadium 
Zinc 

Amencium-24 1 
PlutoNum-239/240 

’ Excluding Old Outfall (IHSS 143) 
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4.0 
SUBSURFACE SOIL CHEMICALS OF CONCERN 

4.1 SUBSURFACE SOIL DATA SET 

Chemicals of concern m subsurface soil were selected using data collected at all OU-6 MSSs 
where subsurface sod samples were collected except the Old Outfall (IHSS 143) because it 
is proposed to omit thrs IHSS from the basehe nsk assessment The rationale for omittmg 

thw IHSS from the OU-wide baseline nsk assessment was explained 111 Section 3 0 
Subsurface sod samples from the Old Outfall were therefore excluded from the data set for 
selectmg OU-wide chemicals of concern 

Over 200 subsurface soil samples were analyzed for metals and radionuchdes 
Appromately 380 samples were analyzed for volatde orgmc compounds Semivolatde 
orgmc compounds were also analyzed for in 34 samples collected at the Tnangle Area 
(IHSS 165) The sampllng and analytical program at each IHSS is summaflzed m Tables 
2-3 and 2-4 

4.2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 4-1 and 4-2 summame the =mum detected concentrations, detection frequencies, 
and results of background companson in OU-6 subsurface soil samples Background data 
for subsurface sods were taken from the Background Geochemical Chmctemtion Report 
(DOE 1993) The statstical cornpansons of inorganic results to background data are 
presented in detad in Appendlx A 

Radionuchdes are assumed to be detected at 100 percent frequency, and radionuchdes above 
background levels are listed m the concentratiordtoxicity screen in Table 4-5 

Analytes above background levels that were detected at 5 percent or greater detection 
frequency were included in concentrationltoncity screens to select OU-wide chemicals of 
concern, with the following exceptions 
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Analytes Excluded as OU-Wide Potential Chermcals of Concern 

Statlstlcally > Background No Results Maxlmum 
Analyte  background^"' UTL.9, > U%/99 Concentration 

Vanadium No 112 8 mg/kg 1 /23 1 1 18 mgkg 

U-238 No 1 807 pCi/g 2J230 141 pCdg 

( I )  See Appendix A 

For these analytes, only one or two sample results exceeded the background m,, 
However, neither analyte was sigmficantly dlfferent than background accordmg to the 
statishcal tests descnbed m Appendlx A Therefore, these analytes were removed as 
potential OU-wide chemicals of concern in subsurface sod but were mcluded m the nsk- 
based PRG screen to identlfy special case chemicals of concern (Appendlx B) 

4.3 CONCENTRATIONITOXICIY SCREENS 

Concentrationhorncity screens for subsurface sods are presented m Tables 4-3 through 4-5 
All analytes that contnbute at least 1 percent of the total nsk factor are retamed as OU-wide 
chemicals of concern for quantitative nsk assessment In addihon, uranium-235 was also 

remned because it contnbuted nearly 1 percent of the total nsk factor for radionuclides 
Chemicals of concern are hsted below and m Table 4-7 

OU-Wide Chemicals of Concern 
Subsurface Soil 

Benzo(a)py rene 
Benzo(b) fluoranthene 
Methylene chlonde 
Banum 
Strontium 
Zinc 
Plutomum-239,240 
Amencium-241 
Uranium-235 
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Chemicals of potential concern that do not have EPA-estabhshed toxlcity factors are listed 
in Table 4-6 These compounds 
cannot be evaluated in a tomcity- or nsk-based screen to select chemicals of concern 
However, thew potential contnbution to overall nsk wdl be evaluated quahtamely m the nsk 
assessment for OU-6 

In subsurface soils, these are lead and phenanthrene 

4.4 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 
COMPOUNDS 

M m u m  concentrations of 17 VOCs and SVOCs (detected at < 5 percent frequency) and 
of vanadium and umum-238 (as explmed 111 Section 4 2) were compared to values 
equivalent to lo00 times the chemical-specfic PRGs Although these chemicals were 
detected m subsurface soil where exposure potenual is lunited, the PRGs used m ths 
screemng evaluation were calculated assummg long-term residentnl exposure to surficlal 
sod Thls approach is extremely conservative, since it assumes a 30 year exposure to 
chemicals m subsurface sod The PRGs are used to identlfy specnl case chemicals of 
concern that could pose a health nsk If exposure were to occur 111 a hlghly localued area 
The screen is discussed in Appendlx €3 and the results for subsurface soil are presented 111 

Table B-2 

None of the maximum concentrations of chemicals detected at low frequency m subsurface 
soil exceded the lo00 tmes PRG value Therefore, no special case chemicals of concern 
were identfied for subsurface sods 
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TABLE 4-1 
ROCKY FLATS PLANT OU-6 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
5% OR GREATER FREQUENCY 

SUBSURFACE SOIL 

Maximum Detected Detecbon 
Concentration Frequency 

Chenucal ( m a g )  % > Background? 
Organic Compounds 
2-Butanone 3 7  22 
2-Chlorophenol 0 055 8 
Acetone 51  88 

~ 

Benzo(a)pGene 0 13 8 
Benzo@)fluoranthene 0 17 12 
Benzoic acid 0 26 19 
Bis(2-ethylhexyl)phthalate 0 39 34 
Fluoranthene 0 45 27 
Methylene chlonde 3 75 86 
Phenanthrene 0 17 12 
Pyrene 0 19 23 
Toluene 1 1  90 

Metals 
Aluminum 
Antimony 

24 100 100 No 
21 65 7 No 

Arsenic 10 9 99 No 
B~~ 2970 100 Yes 
Beryllium 2 1  86 No 
Cadmium 1 8  7 No 
Cesium 33 7 71 No 
Chromium 2 17 98 Yes 
Cobalt 21 4 95 No 
Copper 52 1 100 No 
Lead 84 9 100 Yes 
Lithum 29 8 89 No 
Manganese 907 100 No 
Mercury 0 93 28 No 
Nickel 41 5 64 No 
Selenium 1 3  8 No 
Stronbum 506 100 Yes 
Thallium 0 69 34 No 
Vanadium 118 100 Yes 
Zinc 706 100 Yes 

( I )  Excluding Old Outfall (IHSS 143) 
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TABLE4-2 
ROCKY FLATS PLANT OU-6 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
LESS THAN 5% FREQUENCY 

SUBSURFACE SOIL 
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Mmmum Detected DetecUon 
Concentration Frequency 

Chemical (mgfl<g) YO > Background? 
Organic Compounds 
1,4-Dichlorobenzene 0 064 4 
4-Methyl-2-pentanone 0 004 1 
Acenaphthene 0 056 4 
Benzene 0 006 1 
Benzo(a)anthracene 0 099 4 
Benzo(k)fluoranthene 006 4 
Chlorobenzene 0 074 0 3  
Chloroform 0 002 0 3  
Chrysene 0 12 4 
Diethyl phthalate 0 3  4 
Di-n-octyl phthalate 0 072 4 
Indeno( 1,2,3-cd)pyrene 0 099 4 
Pentachlorophenol 0 66 4 
Phenol 0 055 4 
Styrene 0 001 0 3  
Xylenes, total 0 002 0 3  
Tnchloroethene 0 021 2 

Metals 
Molybdenum 27 9 2 No 
Silver 2 7  0 4  No 
Tin 57 8 3 No 

( I )  Excluding Old Outfall (IHSS 143) 
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TABLE 4-3 
ROCKY FLATS PLANT OU-6 

CONCENTRATION/TOXICITY SCREEN 
SUBSURFACE SOIL'" 
NONCARCINOGENS 

Maxlmum 
Detected Inhalabon Oral hsk h s k  Yo Of Total 

Chemcal Conc (mag) RtD RfD Factor Index &sk Factor 
Banum 2970 14E-04 * 70E-02 42E304 92E-01 92 2 
Zinc 706 tda 30E-01 24E+03 51E-02 5 1  
Stronuum 506 d a  60E-01 84E+02 18E-02 1 8  
Chronuum 217 d a  10Ei-00 22E+02 47E-03 0 5  
Acetone 5 1  tda 10E-01 51E+01 l lE-03 0 1  
Methylene chlonde 3 75 90E-01 * 60E-02 63E+01 14E-03 0 1  
Bis(2-ethylhexyl)phthalate 0 39 tda 2 OE-02 2 OE+01 4 2E-04 0 0  
Pyrene 0 19 tda 3 OE-02 63E+00 14E-04 0 0  
Fluoranthene 0 45 tda 40E-02 1 1E+01 24E-04 0 0  
2-Chlorophenol 0 055 tda 50E-03 1 1E+01 24E-04 0 0  
Toluene 1 1  1 1E-01 * 20E-01 5 5E+00 12E-04 0 0  
2-Butanone 3 7  3OE-01 * 60E-01 62E+00 13E-04 0 0  
Benzoic acid 0 26 d a  40E+OO 65E-02 14E-06 0 0  

Total h s k  Factor 4 6E+04 

RDs are in units of m@g-day 
d a  = not avadable 
* Inhalation pathway is considered relatively minor in outdoors compared to dnect ingestion Oral toxlcity factors 
were used to calculate the nsk factor 
"'Excludmg Old Outfall (MSS 143) 
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TABLE 4-4 
ROCKY FLATS PLANT OU-6 

CONCENTRATION/TOXICITY SCREEN 
SUBSURFACE SOIL'" 

CARCINOGENS 

Detected Inhalation Oral b s k  b s k  YoofTotal 
Chemcal Conc (mg/kg m RfD Factor Index Fbsk Factor 
Benzo(a)pyrene 0 13 n/a 7 3E+00 9 5E-01 8 6E-01 85 8 

Methylene chlonde 3 75 16E-03 * 75E-03 28E-02 25E-02 2 5  
Bis(2-ethvlhexvll~hthalatel 0 39 n/a I 4E-02 5 5E-03 4 9E-03 0 5  

Benzo(b)fluoranthene 0 17 n/a 73E-01 12E-01 11E-01 1 1  2 

. d I .  

Total Fbsk Factor 11E+00 

Slope factors are in umts of l/(mg/kg-day) 
n/a = not avalable 
* Inhalauon pathway is considered relatively minor in outdoors compared to direct ingestion Oral toxicity 

"'Excludmg Old Outfall (MSS 143) 
factors were used to calculate the nsk factor 

Sheet 1 of 1 



I 
8 
1 
I 
u 
t 
I 
I 
I 
8 
I 
I 
II 
I 
II 
I 
I 
I 
I 

TABLE4-5 
ROCKY FLATS PLANT OU-6 

CONCENTRATION/TOXICITY SCREEN 
SUBSURFACE SOIL"' 

RADIONUCLIDES 

Maxlmum 
Detected Inhalation Oral h s k  h s k  % of Total 

Chemcal Conc (mg/kg) RfD RtD Factor Index h s k  Factor 
Plutomum-23 9,240 0 88 3 8E-08 * 23E-10 2OE-10 65E-01 65 2 
Amencium-24 1 0 44 32E-08 * 24E-10 11E-10 3 4E-01 34 0 
Urmum-235 0 16 25E-08 * 16E-11 26E-12 82E-03 0 8  

Total h s k  Factor 3 1E-10 

Slope factors are in units of l/pCi 
n/a = not avalable 
* Inhalation pathway is considered relatwely mnor in outdoors compared to dlrect ingestion Oral toxlcity factors 
were used to calculate the nsk factor 
"'Excluding Old Outfall (IHSS 143) 
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TABLE4-6 
ROCKY FLATS PLANT OU-6 

DETECTED ORGANIC COMPOUNDS AND METALS ABOVE 
BACKGROUND WITHOUT EPA TOXICITY FACTORS 

SUBSURFACE SOIL 

Lead 
Phenanthrene 

(4047 821 0009 841) W L 4  6 XLS) (7/16/94/10 43 PM) l u  Sheet 1 of 1 
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TABLE 4-7 
ROCKY FLATS PLANT OU-6 
CHEMICALS OF CONCERN 

SUBSURFACE SOIL' 

Benzo( a)pyrene 
Benzo(b)fluoranthene 
Methylene chlonde 
Banum 
Stronbum 
Zinc 

Amencmm-24 1 
Plutonium-239/240 
Uranium-23 5 

Excluding Old Outfall (IHSS 143) 

I 
E 
1 
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5.0 
GROUNDWATER CHEMICALS OF CONCERN 

5 1 GROUNDWATER DATA SET 

Monitonng wells in OU-6 were installed in the Upper Hydrostratigraphic Unit (UHSCT) 
Chemicals of concern m groundwater were selected using data colIected from first quarter 
1991 through fourth quarter 1993 Groundwater samples were analyzed for metals, 
radionuclides, volatile organic compounds, semivolatile organic compounds, and pesticides/ 
PCBs The sampling and analytical programs for wells at each MSS are summanzed in 
Tables 2-3 and 2-4 

5 2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 5-1 and 5-2 summame the maxmum detected concentrations, detection frequencies, 
and results of background companson for analytes detected ~fl groundwater The background 
companson and maximum concentrations shown for metals and radionuclides are based on 
unfiltered sample results Background data for UHSU groundwater were taken from the 
Background Geochemical Charactemation Report (DOE 1993) 

The statistical background compansons for inorganics are presented in detail in Appendix A 
Inspection of Table 5-1 and the appendix tables for unfiltered and filtered metals m 
groundwater reveal that nearly all metals, including typical rock-forming elements such as 
aluminum, calcium, mn, and sodium, were identified as being above background levels 
Metals as potential chemicals of concern are discussed further in Section 5 3 

Radionuclides are assumed to be detected at 100 percent frequency, and radionuclides above 
background levels are listed In the concentrat~on/toxic~ty screen in Table 5-5 

Several chlomated solvents and other organic contammants were detected in some wells in 
low concentrations (maximurn concentrations ranged from 0 1 to 150 pg/L, and vinyl 
chlonde at 860 pg/L) and at low detection frequencies (0 4 to 21 percent) 

(4047 821 OOO9 841) (TM-4 5) (07 21 94 9 15m) 5- 1 



5 3  ELIMINATION OF METALS AS CONTAMINANTS OF CONCERN IN 
GROUNDWATER 

As shown in Table 5-1 and Appendlx A, nearly all metals analyzed for in groundwater were 
identified as being above background levels, including aluminum, calcium, iron, potassium, 
and sodium, which are common rock-forming mmerals and not llkely to be environmental 
contaminants in OU-6 All but four metals failed the formal statistical companson, and most 
of those had anywhere from 17 to 42 results above the background UG9,99 

Because it is unusual, even at hazardous waste sites, to see so many metals above 
background levels, an evaluation was conducted to ascertam whether the elevated metals 
concentrations 111 OU-6 groundwater samples were due to factors other than environmental 
contamination The evaluation consisted of (1) examining the spatial and temporal 
distnbution of selected metals and (2) examining the relationship of elevated metals 
concentrations as a whole with organic contamination and with total suspended and total 
dissolved solids 

The conclusion of the evaluation was that the elevated metals concentrations are not related 
to environmental contamination but rather to local geochemical conditions and to suspended 
solids in the groundwater samples Therefore, metals should not be considered chemicals 
of concern in groundwater in OU-6 Evidence supporting this conclusion is presented below 

e Presence of naturallv occurnng zones of hiph manganese and other ions The 
results of the background companson suggest that local geochemical 
conditions 111 OU-6 are different than those at the background sampling 
locations The observances of elevated manganese and of elevated 
concentrations of iron, cobalt, lead, zinc, copper, nickel, and banum, which 
can associate with manganese oxides (Hem 1989), suggest the presence of 
naturally accumng mineralnation in OU-6 that is absent in the background 
sampling locations Elevated metals concentrations occur in both filtered and 
unfiltered samples Investigations at the Rocky Flats Plant indicate a spotty 
distnbution of high dissolved manganese in UHSU groundwater, and none of 
the background wells were located in zones of elevated manganese (Siders 
1994) Therefore, it is probable that the background companson gives 
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misleading results and that the elevated metals in OU-6 groundwater are due 
to local geochemical conditions 

0 Wide distnbution of elevated metals and absence of spatial pattern Elevated 
concentrations of unfiltered and filtered metals were observed in samples 
widely distnbuted across the OU, with no relation to contammant sources 
Concentrations of unfiltered metals m wells in several areas of OU-6 are 
shown in Figures 5-1 through 5-4 For example, at wells 41691 and 0486 at 
Indiana Street (Figure 5-4), 19 metals--aluminum, anamony , banum, 
beryllium, cadmium, cobalt, chromium, copper, iron, lead, mercury, 
magnesium, manganese, nickel, potassium, silver, strontium, vanadium, and 
zinc--exceeded background levels (unfiltered results) In the nearest 
upgradient wells (3886, 41091, and 1186 in the South and North Walnut 
Creek dmnages) (Figure 5-2), very few metals in unfiltered samples exceeded 
background levels (calcium, magnesium, sodium, and strontium in well 3886, 
banum, potassium, and manganese in well 41091, and chromium and 
magnesium in well 1186) There are numerous other examples of erratic 
spatial occurrence of samples having 10 or more metals with elevated 
concentrations The absence of a meaningful spatial pattern indicates that the 
occurrences of elevated metals concentrations are not related to contaminant 

- sources or plumes 

a N o  correlation of elevated metals with VOC contamination Elevated metals 
concentrations in groundwater can result from the solubiluing effects of 
organic contamination However, this does not appear to be true in OU-6 
Low concentrations of chlonnated solvents and other VOCs such as xylenes 
and toluene were detected at some sampling locations Concentrations of 
VOCs in wells in several areas of OU-6 are show 111 Figures 5-5 through 5-8 
Elevated metals concentrations were observed in some samples from some of 

these wells but not in others Elevated metals concentrations were also 
observed in many wells with no VOC contamination Therefore, it is 
concluded that the metals concentrations are unrelated to organic 
contamination 
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e Absence of temporal pattern The temporal occurrence of concentrations 
above background K&,9,99 was evaluated for selected metals For example, 
concentrations of total antimony exceeded background UTL in 10 OU-6 wells 
at which multiple (4 to 13) sampling rounds were conducted (Figure 5-9) 
However, in 7 of the wells, the UTL was exceeded in only one sampling 
event, in 2 wells the UTL was exceeded in two sampling events, and in 1 well 
the UTL was exceeded in three sampling events out of ten This pattern--1 e , 
temporally isolated Occurrences of concentrations in excess of background 
UTL--was found to be true for many analytes The temporal isolation of 
elevated concentrations of metals at a single samphng locations is inconsistent 
with an assumption of contamnation 

0 Strong correlation of elevated metals with Total Susnended Solids (TSS) and 
Total Dissolved Solids (TDS) Elevated metals concentrations, and the 
number of elevated metals in a sample, strongly correlate with high TSS and 
TDS in the samples TSS and TDS concentrations by well number are listed 
in Appendix C TSS concentrabons in many samples ranged as high as 1100 
to 21,000 mg/L TDS concentrations ranged as high as 1000 to 7600 mg/L 
These samples had the highest metals concentrations as well High TSS and 

- TDS appear to be the largest factor contnbuting to elevated metals 
concentrations in groundwater samples High TSS is not a sign of 
contamination but rather of sample turbidity resulting from well development 
and sampling procedures As an example, samples from well 7287, which is 
located at Trench A (IHSS 166 l), contained numerous elevated metals in 
several sampling rounds and had TSS ranging as high as 17,000 mg/L 
(average = 3880 mg/L) Field notes indicate all samples were cloudy, 
muddy, or colored On the other hand, samples from well B206489, which 
is adjacent to well 7287 (see Figure 5-1), had TSS ranging from 9 to 81 
mg/L, and had only a single occurrence of a metal result exceeding 
background UTL Field notes indicate all but one sample were clear 

Scatterplots companng aluminum, arsenic, and banum concentrations with 
TSS and TDS revealed a strong correlation (data not shown) 
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It is concluded that elevated metals concentrations in OU-6 groundwater samples are related 
to suspended solids in the sample and to naturally occumng geochemical charactenstics such 
as high manganese zones Metals are therefore eliminated from further consideration as 
contaminants of concern in groundwater in OU-6 

5 4 CONCENTRATION/TOXICITY SCREENS 

Concentration/toxlcity screens for organic contammants and radonuclides are presented in 
Tables 5-3 through 5-5 Organic analytes detected at a frequency of 5 percent or greater and 
radionuclides above background levels were included in the screens 

All analytes that contnbute at least 1 percent of the total nsk factor are retained as OU-wide 
chemicals of concern in groundwater for quantitative nsk assessment Chemicals of concern 
are listed below and in Table 5-7 

OU-Wide Chemicals of Concern 
Groundwater 

Chloroform 
Methylene chlonde 
Tetrachloroethene 
Tnchloroethene 
Bis(2-ethylhexy1)phthalate 
Nitrate 

Plutonium-239,240 
Arnencium-24 1 
Radium-22 6 
Cesium- 137 
Strontium-89,90 
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5.5 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 
COMPOUNDS 

Maximum concentration of 13 VOCs (detected at < 5 percent frequency) and cesium-137 (as 
explained in Section 5 2) were compared to values equivalent to 1000 times the chemical- 
specific PRGs The PRGs were calculated assuming residential use of groundwater and are 
used to identify special case chemicals of concern that could pose a health nsk if exposure 
were to occur to maximum concentrations in a highly locallzed area The screen is discussed 
in Appendix B and the results for groundwater are presented rn Table B-3 

Vinyl chlonde was the only chemical detected at low frequency that exceeded the 1000 times 
PRG value Vinyl chlonde will be retained for further evaluation as a special case chemical 
of concern in groundwater 
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TABLE 5-1 
ROCKY FLATS PLANT OU-6 

ORGANIC COMPOUNDS AND TOTAL METALS DETECTED AT 
5% OR GREATER FREQUENCY 

UHSU GROUNDWATER 

I 
8 
E 
4 
I 
Lc 
I: 
1 
1. 
1 
J 
1 
I 
I 
B 
1 
1 
B 
I 

(4047 821 0009 841) ITBLJ I XLS) (7/20/94'9 04 PM) 

Maxlmum Detected DetecUon 
Concentration Frequency 

Chemcal (m&> YO > Background? 
Organic Compounds 
1 , 1,l -Tnchloroethane 0 012 9 
1,l -Dichloroethane 0 062 9 
1,2-Dichloroethene 0 074 11 
1,2-Dichloroethene CIS 0 0007 6 
Acetone 0 027 5 
Bis(2-ethylhexy1)phtate 0 008 21 
Chloroform 0 008 9 
Diethyl phthalate 0 002 7 
Methylene chlonde 0 032 12 
Tetrachloroethene 0 013 15 
Toluene 0 016 6 
Tnchloroethene 0 15 14 

Metals 
Alummum 
Antimony 

456 
0 194 

95 Yes 
16 Yes 

Arseruc 0 018 52 Yes 
Banum 5 06 98 Yes 
Beryllium 0 032 30 Yes 
Cadrmum 0 0329 26 Yes 
Chromum 0 58 75 Yes 
Cobalt 0 228 45 Yes 
Copper 6 43 54 Yes 
Lead 0 254 73 Yes 
Litluum 0 456 93 Yes 
Manganese 6 2  94 Yes 
Mercury 
Molybdenum 
Nickel 

0 0015 
0 0295 

1 07 

10 
27 
66 

Yes 
No 
Yes 

Selemum 0 475 58 Yes 
Silver 3 04 20 Yes 
Stronuum 6 96 100 Yes 
Thallium 0 0027 5 No 
Tin 0 267 19 No 
Vanadium 0 754 74 Yes 
Zinc 8 83 Yes 
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TABLE 5-2 
ROCKY FLATS PLANT OU-6 

ORGANIC COMPOUNDS AND TOTAL METALS DETECTED AT 
LESS THAN 5% FREQUENCY 

UESU GROUNDWATER 

Maxlmum Detected Detechon 
Concentration Frequency 

Chenucal (ma) % > Background? 
Organic Compounds 
1,l-Dichloroethene 0 005 1 
1,2-Dichloroethane 0 002 1 
1,2-Dichloroethene, trans 0 009 2 
1,2,4-Tnmethylbenzene 0 0002 3 
2-Butanone 0 001 1 
2-Hemone 0 005 0 4  
4-Methyl-2-pentanone 0 002 1 
Benzene 0 003 3 
Carbon disulfide 0 004 1 
Carbon tetrachlonde 0 008 
Chloromethane 0 00025 
Ethvlbenzene 0 001 

4 
0 4  
2 

Styrene 
Vinyl chlonde 
Xvlenes (total) 

0 0001 1 
0 86 

0 014 

0 4  
3 
4 

Metals 
Cesium 0 15 2 NO 
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TABLE 5-3 
ROCKY FLATS PLANT OU-6 

CONCENTRATION/TOXICITY SCREEN 
UHSU GROUNDWATER 

NONCARCINOGENS 

Maxlmum YO 
Detected Inhalation Oral h s k  h s k  ofTotal 

Chemcal Conc (m@) REI RtD Factor Index Rtsk Factor 
Nitrate 1760 n/a 16E+OO 1tEi-03 99E-01 98 9 
1,2-Dichloroethene 0 074 n/a 90E-03 82E+00 74E-03 0 7  
Tetrachloroethene 
Chloroform 
1,1  -Dichloroethane 
Methylene chlonde 
Bis(2-ethylhexy1)phthalate 
Acetone 
Toluene 
c1s-l,2-Dichloroethene 

0 013 
0 008 
0 062 
0 032 
0 008 
0 027 
0 016 
0 0007 

n/a 
n/a 

1 4E-01 
9 OE-01 

tda 
n/a 

11E-01 
nJa 

1 OE-02 
1 OE-02 

6 OE-02 
2 OE-02 

1 OE-01 

1 OE-01 
2 OE-01 
1 OE-02 

13Ei-00 
8 OE-01 
6 2E-01 

4 OE-01 
2 7E-01 
15E-01 

5 3E-01 

7 0 5 0 2  

12E-03 
7 2E-04 
5 6E-04 
4 8E-04 
3 6E-04 
2 4E-04 
1 3E-04 
6 3E-05 

0 1  
0 1  
0 1  
0 0  
0 0  
0 0  
0 0  
0 0  

Diethyl phthalate 0 002 tda 8OE-01 25E-03 22E-06 0 0  
Total h s k  Factor 11Ei-03 

RfDs are in umts of mgkgday 
n/a = not avadable 
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TABLE5-4 
ROCKY FLATS OU-6 

CONCENTRATION/TOXICITY SCREEN 
UHSU GROUNDWATER 

CARCINOGENS 

Maxlmwn YO 
Detected Inhalation Oral h s k  h s k  ofTotal 

Chermcal Conc ( m a )  Slope Factor Slope Factor Factor Index hsk Factor 

Tetrachloroethene 0 013 2 OE-03 52E-02 68E-04 20E-01 204 
Chloroform 0 008 8 OE-02 6 1E-03 6 4E-04 19E-01 19 3 
Methylene chlonde 0 032 16E-03 75E-03 2 4 5 0 4  72E-02 7 2  

Tnchloroethene 0 15 6 OE-03 1 1E-02 4 7E-03 5 OE-01 497 

Bis(2-ethylhexyl)phthalate 0 008 d a  14E-02 11E-04 34E-02 3 4  
Total msk Factor 3 3E-03 

Slope factors are in umts of l/(mgikg-day) 
d a  = not avadable 
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TABLE 5-5 
ROCKY FLATS OU-6 

CONCENTRATION/TOXICITY SCREEN 
UHSU GROUNDWATER 

RADIONUCLIDES 

% 

Maximum Acuvity Inhalation Oral R s k  h s k  of Total 
Chermcal Wfi) Slope Factor Slope Factor Factor Index fisk Factor 
Radium-226 8 8  30E-09 * 12E-10 11E-09 37E-01 37 3 
Plutonium-23 9,240 3 65 38E-08 * 23E-10 8 4E-10 3 OE-01 29 6 
Amencium-24 1 3 2  32E-08 * 24E-10 77E-10 27E-01 27 1 
Cesium-137 4 499 19E-11 * 28E-11 13E-10 44E-02 4 4  
Strontwm-89,90 122  62E-11 * 3 6E-11 4 4E-11 1 6E-02 1 6  

Total h s k  Factor 2 8E-09 

Slope factors are in units of l/pCi 
* Inhalation of metals from groundwater IS an incomplete pathway Therefore oral toxicity factors were used in the screen 
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TABLE 5-6 
ROCKY FLATS PLANT OU-6 

DETECTED ORGANIC COMPOUNDS 
WITHOUT EPA TOXICITY FACTORS 

UHSU GROUNDWATER 

2-Hexanone 
1 , 1 , I  -Tnchloroethane 
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TABLE 5-7 
ROCKY FLATS PLANT OU-6 
CHEMICALS OF CONCERN 

UHSU GROUNDWATER 

OU-Wide Special Case ' 
Chloroform Vinyl chlonde 
Methylene chlonde 
Tetrachloroethene 
Tnchloroethene 
Bis(2-ethylhexyl)phthalate 
Nitrate 
Plutonium-239,240 
Amencium-24 1 

Cesium-137 
Strontium-89,90 

Radium-226 

' See Appendix B 

Sheet 1 of 1 



1 
I: 
E 
1 
1 
1 
8 
I 
1 
1 

y I 

I 
1 

1 rl 

c 

. e  
N 

Jt' 

I 
I 
I 
I t 5  



8 8 8 8 8 8  8 8 8  8 ”  
0 0 0 0 0 0 ~ 0 0 0  Ge~e~~00 W C J  

m 
‘p 

m .- m 
m 
m , m  -. e4 

I 0 

- e  

. 



1 
I 
m 6.0 

POND SEDIMENT CHEMICALS OF CONCERN 

6.1 POND SEDIMENT DATA SET 

Wet sedment samples were collected in the A and B senes ponds m the Walnut Creek 
dramage, mcludrng the termmal pond at Walnut Creek and Indiana Street Collectively the 
ponds are MSS 142 The A senes ponds along North Walnut Creek are numbered MSS 
142 1 through 142 4 The B senes ponds along South Walnut Creek are numbered M S S  
142 5 through 142 9 The termmal pond is IHSS 142 12 Pond locations are shown m 
Figure 1-1 Approxrmately 50 samples were collected and analyzed for metals, 
radionuchdes, volatlle and semivolatlle organic compounds, and pesbcides/PCBs The 
samphg and analytical program for pond wet sediments (MSS 142) is summanzed in Tables 
2-3 and 2-4 

6.2 BACKGROUND COMPARBON AND FRQUENCY OF DETECTION 

Tables 6-1 and 6-2 summanze the maximum detected concentrations, detection frequencies, 
and results of background companson in the pond sedment samples Background data from 
seepslspmgs reported m the Background Geochemical Charactemtion Report (DOE 1993) 
were used for companson to pond sediment data Seep/spnng background data were 
preferred to background stream sediment data for this comparison because of the sundanty 
in flow regune (long residence time) between the seeps and ponds The statistical 
comparisons of morgamc results to background data are presented in detail in Appendix A 

Radionuchdes are assumed to be detected at 100 percent frequency, and radionuchdes above 
background levels are listed in the concentrationkomcity screen in Table 6-5 

Analytes above background levels that were detected at 5 percent or greater detection 
frequency were included in concentrationhoxicity screens to select OU-wide chemicals of 
concern, with the following exceptions 
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Analytes Excluded as OU-Wide Potential Chemicals of Concern 

~~ ~~~ ~ ~ ~~~~ ~ 

Statlstlcally > Background No Results Maximum 
> uTL99/99 Concentration Analyte Background'''' U%,99 

Antimony No 55 mg/kg 1 /28 68 5 mg/kg 

( I )  See Appendix A 

One sample result exceeded the background m9,w, however, antimony was not 
sigdicantly dlfferent than background according to the statistical tests descnbed m 
Appendlx A Therefore, antmony was removed as a potential OU-wide chemical of concern 
in pond sedment but was mcluded m the nsk-based PRG screen to identlfy special case 
chemicals of concern (Appendlx B) 

6.3 CONCENTRATION/TOXICIY SCREENS 

Concentration/toxlcity screens for pond sedments are presented in Tables 6-3 through 6-5 
All analytes that contnbute at least 1 percent of the total nsk factor are retamed as OU-wide 
chemicals of concern for quantitative nsk assessment Benzo(a)anthracene is also retamed 
because it contnbutes 0 9 percent of the total nsk factor 

Chemicals of concern are hsted below and in Table 6-7 

OU-Wide Chemicals of Concern 
Pond Sedunents 

Benzo(a)p y rene 
Benzo(b) fluoranthene 
Benzo(a)anthracene 
Bis(2-ethylhexy1)phthalate 
Aroclor-1254 
Manganese 
Sllver 
Vanadium 
Zinc 
Plutonium-239,240 
Amencium-241 

(4047 821 OOO9 841)f.TM4 6)(07 20-9419 49pm) 6-2 



Chemicals of potential concern that do not have EPA-estabhshed tomcity factors are hsted 
in Table 4-6 In pond sedunents, these are 2-methylnaphthaleneY benzo(ghi)perylene, 
phenanthrene, dibenzofuran, and copper These compounds cannot be evaluated m a 
tomcity- or nsk-based screen to select chemicals of concern However, theu potential 
contnbution to overall nsk WLU be evaluated qualitatively 111 the nsk assessment for OU-6 

6.4 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 
coMPouNDs 

Maxlmum concentrations of 10 VOCs, SVOCs, and pesticideslPCBs (detected at < 5 percent 
frequency) and antunony (as explwned in Section 6 2) were compared to values equivalent 
to lo00 tunes the chemical-specific PRGs Although these chemicals were detected m pond 
sedunent where exposure potential is lmited, the PRGs used m ths screerung evaluation 
were calculated assuming long-term residential exposure Thls approach is extremely 
conservative, smce it assumes a dady exposure to chemicals in pond sediment includmg 
mhalation of particulate matter The PRGs are used to identlfy speclal case chemicals of 
concern that could pose a health nsk d exposure were to occur in a hrghly localzed area 

The screen is discussed in Appendlx B and the results for pond sediment are presented m 
Table B-4 

None of the chemicals detected at low frequency in pond sedunents exceeded the 1000 hmes 
PRG value Therefore, no special w e  chemicals of concern were identrfied in pond 
sedunents 

(4W7 821 OOO9 841)(TM4 6)(07 20-94/9 49pm) 6-3 
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TABLE 6-1 
ROCKY FLATS PLANT OU-6 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
5% OR GREATER FREQUENCY 

POND SEDIMENT 

Maximum Detected Detection 
Concentratlon Frequency 

Chermcal (mg/kg) % > Background? 
Organic Compounds 
2-Butanone 0 13 53 
Acenaphthene 0 59 9 
Acetone 3 3  94 
Anthracene 0 8  20 
Aroclor- 1254 10 44 
Benzene 0 01 6 
Benzo(a)anthracene 1 1  38 
Benzo(a)pyrene 0 87 41 
Benzo(b)fluoranthene 31 45 
Benzo(g, h,i)perylene 0 66 1 1  
Benzo(k)fluoranthene 1 32 
Benzoic acid 4 6  27 
Bis(2-ethylhexyl)phthalate 88 91 

Chrysene 19 52 

Fluoranthene 3 5  66 
Indeno( 1,2,3-cd)pyrene 0 66 14 
Methylene chlonde 8 3  92 
Phenanthrene 2 6  54 
Pyrene 3 8  66 
Toluene 1 1  90 

Butyl benzylphthalate 0 12 5 

Di-n-octyl phthalate 0 25 11 

Metals 
Alummum 
Antimony 
Arsenic 

27400 
68 5 
10 2 

100 
39 
100 

No 
Yes 
No 

Bmum 
Beryllium 
Cadmium 

254 
15 2 
9 9  

IO0 
98 
39 

No 
No 
No 

Cesium 
Chromium 
Cobalt 

5 8  
96 1 
15 5 

93 
100 
100 

No 
Yes 
Yes 

Copper 125 100 Yes 
Lead 155 100 No 
Lithium 16 6 98 No 

(4047 821 0009 841) mL6 I XLS) (7/18/94/1 I 47 PM) Sheet 1 of2 



I 
1 
1 
1 
I 
I 
I 
I 
t 
0 
1 
I 
I: 
I 
0 
t 
I 
I 

(4047 821 OW9 841) W L 6  I XLS) (7/18/94/1 I 47 PM) 

TABLE 6-1 
(continued) 

Maximum Detected Detection 
Concentration Frequency 

Chenucal (mg/kg) % > Background? 
Manganese 558 100 Yes 
Mercury 1 5  43 No 
Nickel 58 1 70 No 
Seletuum 1 9  5 No 
Silver 345 39 Yes 
Strontium 307 100 No 
Thallium 0 85 39 No 
Vanadium 62 7 100 Yes 
Zinc 1270 100 Yes 
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TABLE6-2 
ROCKY FLATS PLANT OU-6 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
LESS THAN 5% FREQUENCY 

POND SEDIMENT 

Maximum Detected Detecuon 
Concentration Frequency 

Chemcal (mgfl<g) ?4 > Background? 
Organic Compounds 
1 2,4-Tnchlorobenzene 0 13 2 
2-Methylnaphthalene 0 17 2 
4-Methyl-2-pentanone 0 006 2 
Aldnn 0 054 2 
Aroclor- 1260 0 86 4 
Dibenzo(a, h)anthracene 0 15 2 
Dibenzofuran 0 18 2 
Fluorene 0 46 4 
gamma-BHC (Lindane) 0 025 2 
Heptachlor 0 039 1 
Naphthalene 0 39 2 
Phenol 0 29 4 

Metals 
Tin 39 5 2 No 
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TABLE 6-3 
ROCKY FLATS PLANT OU-6 

CONCENTRATION/TOXICITY SCREEN 
POND SEDIMENT 

NONCARCINOGENS 

Maximum % 
Detected Inhalation Oral h s k  h s k  of Total 

Chemical Conc (mgkg) RfD R f l ~  Factor Index h s k  Factor 
Silver 345 nla 5 OE-03 6 9E+04 76E-01 75 7 
Vanadium 62 7 n/a 70E-03 90E+03 98E-02 9 8  
Bis(2-ethylhexy1)phthalate 88 nla 2OE-02 44E+03 48E-02 4 8  
Zinc 1270 tda 3 OE-01 4 2E+03 46E-02 4 6  
Manganese 558 14E-05 * 14E-01 4OE+03 44E-02 4 4  
Methylene chlonde 8 3  9 OE-01 * 6 OE-02 14E+02 15E-03 0 2  
Pyrene 3 8  n/a 3QE-02 13E+02 14E-03 0 1  
Chromium 96 1 n/a 1 OE+OO 96E+01 1 1E-03 0 1  
Fluoranthene 3 5  n/a 4OE-02 8 8E+01 96E-04 0 1  
Cobalt 15 5 nla 18E-01 86E+01 94E-04 0 1  
Acetone 3 3  n/a 1 OE-01 3 3E+01 3 6E-04 0 0  
Di-n-octylphthalate 0 25 n/a 20E-02 13E+01 14E-04 0 0  
Acenaphthene 0 59 nla 60E-02 9 8E+00 1 1E-04 0 0  
Toluene 11 11E-01 * 20E-01 55E+00 60E-05 0 0  
Anthracene 0 8  d a  3 OE-01 2 7E+00 2 9E-05 0 0  
Benzoic acid 4 6  d a  4OE+OO 12E+00 13E-05 0 0  
Butyl benzylphthalate 0 12 d a  2 OE-01 6 OE-01 6 6E-06 0 0  
2-Butanone 0 13 3 OE-01 * 6OE-01 22E-01 24E-06 0 0  

Total h s k  Factor 9 1E+04 

RfDs are in umts of mgkg-day 
n/a = not avadable 
* Inhalation IS an incomplete pathway because pond sediments are assumed to remain saturated and contmnants 
are not released to air Therefore, oral toxicity factors were used in this screen 

(4007821.0009-841) (TBW3 XlS) C7120/94 10 55 AM) Sheet 1 of 1 



TABLE 6-4 
ROCKY FLATS OU-6 

CONCENTRATIONfI'OXICITY SCREEN 
POND SEDIMENT 
CARCINOGENS 

Maxlmum 
Detected InhalaQon Oral k s k  fisk % Of Total 

Chermcal Conc ( m a g )  Slope Factor Slope Factor Factor Index k s k  Factor 
Aroclor- 1254 10 n/a 7 7E+OO 77E+01 87E-01 87 1 
Benzo(a)pyrene 0 87 n/a 7 3E4-00 64E4-00 72E-02 7 2  
Benzo(b)fluoranthene 3 1  n/a 7 3E-01 23E+00 26E-02 2 6  
Bis( 2-ethylhexyl)phthalate 88 n/a 1 4E-02 12Ec00 14E-02 1 4  
Benzo(a)anthracene 1 1  n/a 7 3E-01 80E-01 91E-03 0 9  
Indeno( 1,2,3-cd)pyrene 0 66 n/a 7 3E-01 48E-01 54E-03 0 5  
Chrysene 1 9  n/a 7 3E-02 14E-01 16E-03 0 2  
Benzo(k)fluoranthene 1 n/a 7 3E-02 73E-02 83E-04 0 1  
Methylene chlonde 8 3  16E-03 * 75E.03 6 2E-02 70E-04 0 1  
Benzene 0 01 29E-02 * 29E-02 29E-04 33E-06 0 0  

Total f isk Factor 8 8EH1 

Slope factors are in umts of I/(mg/kg-day) 
n/a = not available 
* Inhalation is an incomplete pathway because pond sediments are assumed to remam saturated and contaminants 
are not released to a r  Therefore, oral toxicity factors were used in this screen 
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TABLE 6-5 
ROCKY FLATS OU-6 

CONCENTRATION/TOXICITY SCREEN 
POND SEDIMENT 
RADIONUCLIDES 

Maximum Activity Inhalation Oral hsk k s k  % o f  Total 
Chemcal (PCW Slope Factor Slope Factor Factor Index &sk Factor 
Pl~to~u~m-239 240 1174 38E-08 * 23E-10 2 E - 0 7  8 3E-01 82 6 
Americium-24 1 230 53 32E-08 * 24E-10 5 5E-08 1 E-01 16 9 
Uranium-238 26 445 52E-08 * 28E-11 74E-10 2 3E-03 0 2  
Urmum-233 234 
Urmum-235 
Radium-226 
Radium-228 

15 935 2 6E-08 * 16E-11 2 5E-10 7 8E-04 0 1  
0 854 25E-08 * 16E-11 1 4E-11 4 2E-05 0 0  
125 3 OE-09 * 12E-10 15E-10 46E-04 0 0  
2 3  66E-10 * 1 OE-tO 2 3E-10 7 OE-04 0 1  

Strontium-89 90 1 8  62E-11 * 36E-11 6 5E-11 2 OE-04 0 0  
Total Risk Factor 3 3E-07 

Slope factors are in uxuts of UpCi 
* Inhalation is an lncomplete pathway because pond sediments are assumed to remam saturated and contaminants 
are not released to air Therefore, oral toxicity factors were used u1 the screen 
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TABLE 6-6 
ROCKY FLATS PLANT OU-6 

DETECTED ORGANIC COMPOUNDS AND METALS ABOVE 
BACKGROUND WITHOUT EPA TOXICITY FACTORS 

POND SEDIMENT 

2-Methylnaphthalene 
Benzo(g,h,i)perylene 
Dibenzofuran 
Phenanthrene 
Copper 

(4047 821 0009 841) (TBL6 0 XLS) (7/20/94/1 I 17 AM) 
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TABLE6-7 
ROCKY FLATS PLANT OU-6 

CHEMICALS OF CONERN 
POND SEDIMENT 

OU-Wide 
Aroclor-1254 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Bis(2-ethylhexyl)phthalate 
Manganese 
Silver 
Vanadium 
Zinc 
Americium-24 1 
Plutoruum-239/240 
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7.0 
POND SURFACE WATER CHEMICALS OF CONCERN 

7.1 POND SURFACE WATER DATA SET 

Appromately 50 surface water samples were collected m the A and B senes ponds m the 
Walnut Creek dramage, mcludmg the terminal pond at Walnut Creek and Indiana Street 
Samples were analyzed for metals, radionuclides, and volatrle and semivolatlle orgamc 
compounds The samphg and analytical program for pond surface water @ISS 142) is 
summanzed m Tables 2-3 and 2-4 

7.2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Tables 7-1 and 7-2 summame the maxllllum detected concentrations, detection frequencies, 
and results of background companson xn the pond surface water samples Background data 
from seeps/spnngs reported in the Background Geochemical Charactemation Report (DOE 
1993) were used for companson to pond surface water data Seep/spmg background data 
were preferred to background stream data for this companson because of the simllanty in 
flow regime (long residence time) between the seeps and ponds The statistical compansons 
of inorganic results to background data are presented m detad in Appendlx A 

Radionuclides are assumed to be detected at 100 percent frequency, and radionuchdes above 
background levels are listed m the concentration/tomcity screen m Table 7-5 

Analytes above background levels that were detected at 5 percent or greater detection 
frequency were included rn concentrationhoxicity screens to select OU-wide chemicals of 
concern Compounds detected at less than 5 percent frequency were evaluated in the nsk- 
based PRG screen to idenufy special case chemicals of concern 

(4047 821 ooo9 841)(TM4 >(I37 20-9419 5Opm) 7- 1 



7.3 CONCENTRATION/TOXICITY SCREENS 

Concentrationhorncity screens for pond surface water are presented in Tables 7-3 through 
7-5 All analytes that contnbute at least 1 percent of the total nsk factor are retamed as OU- 
wide chemicals of concern for quantitative nsk assessment All analytes detected at greater 
than 5 percent frequency are retamed as chemicals of concern because they each contnbute 
0 8 to 77 5 percent of the total nsk factors for noncarcinogenic, carcinogenic, and radiation 
nsk factors 

Chemicals of concern are hsted below and in Table 7-6 

OU-Wide Chemicals of Concern 
Pond Surface Water 

Acetone 
Chloroform 
1,2-Dichloroethene 
Methylene chlonde 
Tnchloroethene 
Di-n-butyl-phthalate 
Uramum-233,234 
Umum-235 
U1~~i~m-238  

7.4 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 
COMPOUNDS 

Tetrachloroethene and 1 ,Zdichloroethane (detected at < 5 percent frequency) were detected 
in pond surface water and compared to values equivalent to lo00 tunes the chemical-specific 
PRGs Although these chemicals were detected in pond surface water, the PRGs used in this 
screening evaluation were calculated assuming residential exposure to groundwater This 
approach is extremely conservative, since it assumes h l y  ingestion of pond surface water 
as dnnlung water The PRGs are used to identify special case chemicals of concern that 
could pose a health nsk if exposure were to occur to m m u m  concentrations m a hghly 

(4047 821 OOO9 841)(TM4 7)(07 20-9419 50pm) 7-2 



locaked area The screen is discussed in Appenduc B and the results for pond surface water 
are presented m Table B-5 

Neither of the chemicals detected at low frequency in pond surface water exceeded the 10o0 
times PRG value Therefore, no special case chemicals of concern were identlfied in pond 
surface water 

(4047 821 OOO9 841)(TM4 7)(W 2@94/9 SOpm) 7-3 



a 
TABLE 7-1 

ROCKY FLATS PLANT OU-6 
ORGANIC COMPOUNDS AND TOTAL METALS DETECTED AT 

5% OR GREATER FREQUENCY 
POND SURFACE WATER 

Mmmum Detected Detection 
Concentration Frequency 

Chemical (mg/L) % > Background? 
Organic Compounds 
1,2-Dichloroethene 0 003 8 
Acetone 0 14 29 
Chloroform 0 002 20 

Methylene chlonde 0 036 14 
Di-n-butylphthalate 0 002 12 

Tnchloroethene 0 006 12 

Metals 
Alumnum 
Anumony 
Arsemc 

E 
I 
I 
1 
I! 
E 
1 
1 
4 
Y 
ct 
Y 
I 
I 
I 
E (4047 821 0009 841) m L 7  1 XLS) (7/19/94/12 I I AM) 

1 02 
0 0205 
0 0066 

98 
6 
41 

No 
No 
No 

Banum 
Cadmium 
Cesium 

0 12 
0 0022 
006 

100 No 
22 No 
12 No 

Chromium 0 0043 16 No 
Cobalt 0 0036 35 No 
Copper 0 0047 19 No 
Lead 0 0158 78 No 
Lithium 0 0545 100 No 
Manganese 0 293 100 No 
Mercury 0 00096 33 No 
Molybdenum 0 0176 75 No 
Nickel 0 0063 47 No 
Selenium 0 0083 22 No 
Silver 0 0027 6 No 
Strontium 0 568 100 No 
Tin 00119  20 No 
Vanadium 0 0056 49 No 
Zinc 0 0748 76 No 
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TABLE 7-2 

ROCKY FLATS PLANT OU-6 
ORGANIC COMPOUNDS AND TOTAL METALS DETECTED AT 

LESS THAN 5% FREQUENCY 
POND SURFACE WATER 

Maximum Detected Detechon 
Concentration Frequency 

Chemcal (mg/L) Y O  > Background7 
Organic Compounds 
1 2-Dichloroethane 0 001 2 
Tetrachloroethene 0 012 4 

Metals 
Beryllium 0 00034 4 No 

1 
d 
Y 

I 
I 
I 
1 
d 
8 
I 
I 
I 
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TABLE 7-3 
ROCKY FLATS PLANT OU-6 

CONCENTRATION/TOXICITY SCREEN 
POND SURFACE WATER 

NONCARCINOGENS 

Maximum 
Detected Inhalation Oral h s k  h s k  'Yo of Total 

Chenucal Conc (mgL) RfD RfD Factor Index h s k  Factor 
Acetone 0 14 n/a 1 OE-01 14EMO 5 5E-01 54 8 
Methylene chlonde 0 036 9OE-01 * 6OE-02 6 OE-01 2 3E-01 23 5 
1,2-Dichloroethene 0 003 n/a 9 OE-03 3 3E-01 1 3E-01 13 1 
Chloroform 0 002 n/a 1 OE-02 2 OE-01 7 8E-02 7 8  
Di-n-butylphthalate 0 002 n/a 1 OE-01 2 OE-02 7 8E-03 0 8  

Total h s k  Factor 2 6EM0 

RfDs are in units of mgkg-day 
n/a = not avalable 
* Inhalabon of volatile organic compounds released to air in the outdoors is a negligble pathway Therefore, 

oral toxicity factors were used in the screen 
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TABLE 7-4 
ROCKY FLATS OU-6 

CONCENTRATION/TOXICITY SCREEN 
POND SURFACE WATER 

CARCINOGENS 

-mum 
Detected Inhalabon Oral ksk hsk %ofTotal 

Chenucal Conc ( m a )  Slope Factor Slope Factor Factor Index ksk Factor 
Methylene chlonde 0 036 16E-03 * 7 5E-03 27E-04 78E-01 77 5 
Tnchloroethene 0 006 6OE-03 * 1 iE-02 66E-05 19E-01 19 0 
Chloroform 0 002 80E-02 * 6 1E-03 12E-05 3 5E-02 3 5  
Total hsk Factor 3 5E-04 

Slope factors are in units of I/(mg/kg-day) 
n/a = not avadable 
* Inhalabon of volable organic compounds released to air in the outdoors is a negligible pathway Therefore, 

oral toxicity factors were used in the screen 
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TABLE 7-5 
ROCKY FLATS OU-6 

CONCENTRATION/TOXICITY SCREEN 
POND SURFACE WATER 

RADIONUCLIDES 

Maxmum Activity Inhalation Oral h s k  h s k  %ofTotal 
Chermcal @ C W  Slope Factor Slope Factor Factor Index fisk Factor 
Ura~um-238 4 475 5 2E-08 * 28E-11 13E-10 65E-01 64 8 
Uranium-23 3,23 4 3 688 2 6E-08 * 16E-11 59E-11 3 1E-01 30 5 
Urwum-23 5 0 56 25E-08 * 16E-11 9OE-12 46E-02 4 6  

Total h s k  Factor 19E-10 

Slope factors are in units of VpCi 
* Radionuclides in surface water do not volaulize to iilr Therefore, oral taxicity factors were used in this screen 
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TABLE 7-6 
ROCKY FLATS PLANT OU-6 
CHEMICALS OF CONCERN 
POND SURFACE WATER 

OU-Wide 
1,Z-Dichloroethene 
Acetone 
Chloroform 
Methylene cNonde 
Tncldoroethene 
Uranium-2 3 3 /2 3 4 
Uraruum-235 
Uranium-23 8 
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8.0 
STREAM SEDIMENT CHEMICALS OF CONCERN 

8.1 STREAM SEDIMENT DATA SET 

Fifteen stream sediment samples were collected in the North and South Walnut Creeks 
including locations upgradient of the A and B senes ponds to help charactenze potential 
contaminant transport through surface watedsediment pathways Samples were analyzed for 
metals, radionuclides, volatile and semivolatile organic compounds, and pesticides/PCBs 
The sampling and analytical program for stream sediments is summanzed m Tables 2-3 and 
2-4 

8.2 BACKGROUND COMPARISON AND FREQUENCY OF DETECTION 

Table 8- 1 summanzes the maximum detected concentrations, detection frequencies, and 
results of background cornpanson for analytes detected in the stream sediment samples All 
analytes were detected at greater than 5 percent frequency Background data from 
streambeds reported in the Background Geochemical Charactenzation Report (DOE 1993) 
were used for cornpanson The statistical cornpansons of inorganic results to background 
data are presented in de td  in Appendix A 

Radionuclides are assumed to be detected at 100 percent frequency, and radionuclides above 
background levels are listed in the concentrationitoxicity screen in Table 8-4 

Organic compounds and inorganic analytes above background levels were included in 
concentration/toxicity screens to select OU-wide chemicals of concern, with the exception 
of arsemc, manganese, and banum These metals are considered to be naturally occumng, 
for the reasons explained in section 8 3 

(4047 821 OOO9 841)(TM4 8)(07 21 94 8 Warn) 8- 1 
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8.3 EVALUATION OF ARSENIC, MANGANESE, AND BARIUM 

8.3 1 Arsenic 

The statistical background evaluation of arsenic in stream sediments concluded that because 
of failure of the Gehan test, arsenic in stream sediments was statistically different from 
background and should be retamed as a potential chemical of concern However, a more in- 
depth review of the data supports the conclusion that ammc m stream sediments is naturally 
occumg and is not an environmental contaminant 

Summary statistics for arsenic in surface soil and stream sediment are shown in the table 
below, and the reasons for concluding arsenic is not a contaminant in stream sediment 
follow Arsenic in surface soil did not exceed background levels (see Appendix A) 

Arsenic in Surhce Soil, Arsenic in Stream Sediment, 
m g k  m g k  

Background OU-6 Background OU-6 

Mean 5 8  5 3  2 4  3 6  
Std Dev 1 8  1 9  2 5  1 3  
Maximum 8 5  11 0 17 3 5 8  
N 18 I19 59 15 
Det Freq 100% 100% 49 % 93 % 

The OU-6 stream sediment maximum (5 8 mg/kg) is approximately three 
times lower than the background maximum (17 3 mg/kg) The two highest 
detected values (7 3 and 17 3 mg/kg) were in the background samples 

0 The OU-6 stream sediment maximum of 5 8 mg/kg is well below the zrrlL99,99 
of background (10 mg/kg) and below the background mean plus two standard 
deviations (7 4 mg/kg) 

(4057 821 O W  841)(TM-I 8)(07 21 94 8 OOam) 8-2 
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0 Surface soil is the largest source of sediment in stream beds Arsenic in OU- 

6 surface soil did not differ significantly from background Since the 
maxlmum arsenic concentration rn stream sediments is equivalent to the mean 
background concentration m surface soil, arsenic is not considered a 
contaminant in stream sediments in OU-6 

8.3 2 Manganese 

The statistical background evaluation of manganese in stream sediments concluded that 
because of failure of the Gehan test, manganese in stream sediments was statistically 
different from background levels and should be retiuned as a potential chemical of concern 
However, a more in-depth review of the data supports the conclusion that manganese in 
stream sediments is naturally occurnng and is not an environmental contaminant 

Summary statistics for manganese in surface sod and stream sediment are shown in the table 
below, and the reasons for concluding manganese is not a contaminant in stream sediment 
follow Manganese in surface soil did not exceed background levels (see Appenduc A) 

Manganese in Surface Soil, Manganese in Stream Sediment, 
mg/kg m g k  

Background OU-6 Background OU6 

Mean 443 265 
Std Dev 457 114 
Maximum 2220 823 
N 18 119 
Det Freq 100% 100% 

217 366 
225 240 

1280 1000 
59 15 

80 % 100% 

e The OU-6 stream sediment maximum (1000 mg/kg) is lower than the 
background maximum (1280 mg/kg) The next highest OU-6 stream sediment 
concentration was 639 mg/kg, which is below the maximum values detected 
in background and OU-6 surface soils 
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e Surface soil is the largest source of sediment in stream beds Manganese in 
OU-6 surface soils was not found to exceed background levels The mean 
manganese concentration in stream sediments (366 mg/kg) is below the mean 
background concentration in surface soil (443 mg/kg) Therefore, manganese 
is not considered a contaminant in stream sediments in OU-6 and is concluded 
to be the result of naturally occumg manganese in native geologic materrals 

8 3 3 Barium 

The statistical background evaluation of banum in stream sediments concluded that because 
of failure of the Gehan test, banum in OU-6 stream sediments was statistically different from 
background and should be retained as a potential chemical of concern However, a more in- 
depth review of the data supports the conclusion that banum in stream sediments is naturally 
occumg and is not an envlronmental contaminant 

Summary statistics for banum in surface soil and stream sediment are shown in the table 
below, and the reasons for concluding banum '13 not a contaminant in stream sediment 
follow Banum did not exceed background levels in surface soil 

Banum in Sulface Soil, Banum in Stream Sediment, 
m g / k  mg/kg 

Background OU-6 Background OU6 
~ ~~ ~~ ~ 

Mean 194 147 78 107 
Std Dev 84 52 56 32 
Maximum 470 272 244 177 
N 18 119 57 15 
Det Freq 100% 100% 100 % 100% 

a The OU-6 sediment maximum (177 mg/kg) is lower than the background 
maximum (244 mg/kg) 

(4047 821 OOWI 841)(TM4 8)(07 21 94 8 Warn) 
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a The OU-6 sediment maximum of 177 mg/kg is below the background ~ , , , ,  
of 251 mg/kg and below the background mean plus two standard deviations 
(190 mglkg) 

e Surface soil is the largest source of sediment m stream beds Banum in OU-6 
surface soils was not statistically different than background Since the 
maximum banum concentration in stream sediments is comparable to the 
mean concentrations in surface soil, and banum in surface soil does not 
exceed background levels, banum is not considered a contammant m stream 
sedments in OU-6 

Other metals included in the concentration/toxicity screens may also be naturally occumng 
but were not evaluated in detail 

8.4 CONCENTRATION/TOXICITY SCREENS 

Concentration/toxicity screens for chemicals of coneern in stream sedments are presented 
in Tables 8-2 through 8-4 All analytes that contnbute at least 1 percent of the total nsk 
factor are retained as OU-wide chemicals of concern for quantitative nsk assessment 
Chrysene is also retamed as a chemical of concern since it contnbuted 0 8 percent of the 
total carmogenic nsk factor The metal chemicals of concern in sediment were also 
identified as being above background levels in surface soil Chemicals of concern are listed 
below and in Table 8-6 

Chemicals of potential concern that do not have EPA-estabhshed toxicity factor are listed in 
Table 8-5 In stream sediments, these are benzo(ghi)perylene, dibenzofuran, and 
phenanthrene These compounds cannot be evaluated in a toxicity- or nsk-based screen to 
select chemicals of concern However, their potential contnbution to overall nsk will be 
evaluated qualitatively in the nsk assessment for OU-6 
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OU-Wide Chemicals of Concern 
Stream Sedunents 

Benzo(a)py rene 
Benzo(b) fluoranthene 
Benzo(a)anthracene 
Indeno( 123-cd)pyrene 
Chrysene 
Cobalt 
Strontium 
Vanadium 
ZlnC 
Plutonium-239,240 
Amenciu m -24 1 

8.5 RISK-BASED EVALUATION OF INFREQUENTLY DETECTED 
coMPouNDs 

There were no compounds in stream sediments at less than 5 percent frequency, so a PRG 
screening evaluation was not performed 
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TABLE 8-1 
ROCKY FLATS PLANT OU-6 

ORGANIC COMPOUNDS AND METALS DETECTED AT 
5% OR GREATER FREQUENCY") 

STREAM SEDIMENT 

Maximum Detected Detection 
Concentrahon Frequency 

Chemcal (mgfl<g) % > Background? 
Organic Compounds 

Acetone 0 063 7 
Anthracene 0 15 20 

Acenaphthene 0 13 7 

Benzo(a)anthracene 0 43 27 

Benzo(b)fluoranthene 0 65 27 
Benzo(g, h, 1)perylene 0 16 13 

Benzoic acid 0 51 33 

Benzo(a)pyrene 0 48 33 

Benzo(k)fluoranthene 0 23 20 

Benzyl alcohol 0 041 7 

Butyl benzylphthalate 0 12 7 
Chrysene 0 51 33 
Di-n-butyl phthalate 0 075 33 

Bis(2-ethylhexyl)phthalate 0 19 27 

Dibenzofuran 0 037 7 
Fluoranthene 
Fluorene 

1 
0 089 

47 
7 

Indeno( 1,2,3td)pyrene 0 I8 20 
Methylene chlonde 0 007 7 
Naphthalene 0 046 7 

Pyrene 0 96 33 
Phenanthrene 0 75 33 

Metals 
Alumnum 
Antimony 

1 1600 
26 3 

100 
13 

No 
No 

Arsemc 5 8  93 Yes 
Banum 177 100 Yes 
Beryllium 1 53 No 
Cadmium 0 8  7 No 
Cesium 18 1 47 No 
Chromium 12 3 100 No 
Cobalt 12 4 100 Yes 
Copper 17 7 60 No 
Lead 94 8 100 No 
Lithum 15 2 93 No 
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TABLE 8-1 
(Concluded) 

Maximum Detected Detechon 
Concentration Frequency 

Chemcal (mgfl<g) YO > Background? 
Manganese 1000 100 Yes 
Mercury 0 13 27 No 
Nickel 19 2 47 No 
Selemum 0 45 13 No 
Silver 14 7 No 
Strontium 95 8 100 Yes 
Thallium 0 46 33 No 
Vanahurn 33 9 100 Yes 
Zinc 178 100 Yes 

( I )  All detected analytes were detected at a frequency greater than 5 percent 

' I  

i 
I 

~ ~I 
I 

~ I 
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TABLE 8-2 
ROCKY FLATS PLANT OU-6 

CONCENTRATION/TOXICITY SCREEN 
STREAM SEDIMENT 
NONCARCINOGENS 

Maxlmum 
Detected Inhalation Oral hsk h s k  YO of Total 

Chermcal Conc (mgkg) RfD RfD Factcrr Index h s k  Factor 
Vanadium 33  9 n/a 70E-03 48Ei-03 84E-01 84 4 
Zinc 
Stronuum 

178 n/a 30E-01 59E+02 10E-01 10 3 
95 8 n/a 6OE-01 16E+02 2 8E-02 2 8  

Cobalt 12 4 n/a 18E-01 69E+01 12E-02 1 2  
Pyrene 0 96 n/a 3OE-02 3 2E+01 56E-03 0 6  
Fluoranthene 
Bis(2-ethylhexy1)phthalate 
Fluorene 
Acenaphthene 
Naphthalene 
Di-n-butylphthalate 
Acetone 
Butyl benzylphthalate 
Anthracene 
Benzyl alcohol 
Benzoic acid 

1 
0 19 

0 089 
0 13 

0 046 
0 075 
0 063 
0 12 
0 15 
0 041 
0 51 

n/a 
nla 
n/a 
nla 
n/a 
n/a 
n/a 
nla 
n/a 
n/a 
nla 

4 OE-02 
2 OE-02 
4 OE-02 
6 OE-02 
4 OE-02 
1 OE-01 
1 OE-01 
2 OEQ1 
3 OE-01 
3 OE-01 
4 OEM0 

2 5E+01 
9 5E+00 
2 2E+00 
2 2E+00 
12EM0 
7 5E-01 
6 3E-01 

5 OE-01 
1 4E-01 

6 OE-01 

1 3E-01 

4 4E-03 0 4  
17E-03 0 2  
3 9E-04 0 0  
3 8E-04 0 0  
2 OE-04 0 0  
13E-04 0 0  
1 1E-04 0 0  
1 OE-04 0 0  
8 7E-05 0 0  
2 4E-05 0 0  
2 2E-05 0 0  

Methylene chlonde 0 007 9 OE-01 * 6 OE-02 1 2E-01 2 OE-05 0 0  
Total f isk Factor 5 7E+03 

RfDs are in umts of  mgkg-day 
n/a = not available 
* Inhalation of chemicals released to air from stream sediment is a relatively minor exposure route 
Therefore, oral toxlcity factors were used in  the screen 
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TABLE 8-3 
ROCKY FLATS OU-6 

CONCENTlUTION/TOXICITY SCREEN 
STREAM SEDIMENT 

CARCINOGENS 
_ _ ~  

Maxlmum 
Detected Inhalation Oral Rrsk Rrsk %ofTotal 

Chemcal Conc (mgkg) Slope Factor Slope Factor Factor Index Rrsk Factor 
Benzo( a)pyrene 0 48 n/a 73EM0 35EWO 78E-01 78 2 
Benzo(b)fluoranthene 0 65 n/a 7 3E-01 4%-01 11E-01 10 6 
Benzo(a)anthracene 0 43 n/a 7 3E-01 3 1E-01 7 OE-02 7 0  
Indeno( 1,2,3td)pyrene 0 18 n/a 7 3E-01 13E-01 2 9E-02 2 9  
Chrysene 0 51 n/a 7 3E-02 3 7E-02 83E-03 0 8  
Benzo(k)fluoranthene 0 23 n/a 7 3E-02 17E-02 3 7E-03 0 4  
Bis(2-ethylhexy1)phthalate 0 19 n/a 14E-02 27E-03 5 9E-04 0 1  
Methylene chlonde 0 007 16E-03 * 75E-03 5 3E-05 1 2E-05 0 0  
Total Rrsk Factor 4 5EM0 

Slope factors are in units of l/(mg/kgday) 
n/a = not avadable 
* Inhalation of chemicals released to illr from stream sediment IS a negligible pathway Therefore, oral toxlcity 
factors were used in the screen 

(4047-8214309-8413 (TBL8 3 XLs7 (7/21/94/12 43 AIW) 
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TABLE 8-4 
ROCKY FLATS OU-6 

CONCENTRATION/TOXICITY SCREEN 
STREAM SEDIMENT 

RADIONUCLIDES 

Mmmum Activlty Inhalation Oral f isk h s k  %ofTotal 
Chemcal (PCl4?9 Slope Factor Slope Factor Factor Index h s k  Factor 
PlutoNum-239,240 1 95 3 8E-08 * 23E-10 45E-10 7 1E-01 71 4 
Amencium-241 0 75 32E-08 * 24E-10 18E-10 2 9E-01 28 6 

Total h s k  Factor 6 3E-IO 

Slope factors are in mts of l/pCi 
* Inhalatlon of chemcals released to air from stream sediment is a negligible pathway Therefore, oral toxicity 
factors were used in the screen 

I '  I 
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TABLE 8-5 
ROCKY FLATS PLANT OU-6 

DETECTED ORGANIC COMPOUNDS AND METALS ABOVE 
BACKGROUND WITHOUT EPA TOXICITY FACTORS 

STREAM SEDIMENT 

Benzo(g, h,i)perylene 
Dibenzofuran 
Phenanthrene 

~B 
1 
I 
a 
c 
I 
I 
I 
I 
1 
1 
II 
1 
1 
1 
I 
I 
I 
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TABLE8-6 
ROCKY FLATS PLANT OU-6 
CHEMICALS OF CONCERN 

STREAM SEDIMENTS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluroanthene 
Chrysene 
Indeno( 1 2,3-cd)pyrene 
Cobalt 
Stronoum 
Vanadnun 
Zinc 
Amenaum-24 1 
PlutoIuum-239/240 
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APPENDIX A 

BACKGROUND COMPARISON FOR METALS AND RADIONUCLIDES 

Concentrations of metals and radionuclides measured m sod, groundwater, surface water, 
and sedunent m OU-6 were compared to background concentrations m order to idenhfy 
OU-6 analytes whose concentrations are statistically higher than background levels These 
analytes are then idenbfied as potential chemicals of concern for further evaluation The 
background data used for cornpanson were reported m the Background Geochemical 
Charactemtion Report (DOE 1993), except for the surficlal soil data, which were not 
avadable III the 1993 report The background surficial sod data were collected m the Rock 
Creek area dunng the 1991 OU-1 Phase III mvestigation and the 1993 OU-2 Phase II 
mveshgation Analytical results from each medium sampled were pooled, and the 
background companson was performed on an OU-wide basis 

The procedures apphed in the background cornpansons >are shown m the flow chart m 
Figure A-1 Three major steps were involved (1) data aggregation, (2) stahstical 
background compansons, and (3) statistical professional judgement Each of these steps is 
discussed below 

A . l  DATA AGGREGATION 

The chemical data were grouped by medium into seven categones (1) subsurface soil in the 
upper hydrostratigraphc unit (UHSU), (2) surficial soil, (3) pond sedlment, (4) stream 
sedunent, (5) groundwater (UHSU), (6) pond surface water, and (7) baseflow stream surface 
water In general, each medium has 29 analytes for metals and 13 analytes for 
radionuclides, as unfiltered or filtered concentrations There are a total of 20 media-analyte 
groups to be evaluated in the background compansons, as shown m Table A-1 

Most of OU-6 media-analyte groups were compared directly to the corresponding background 
groups Exceptions were pond sedunent and pond surface water due to the lack of 
background pond data Background data from seep/sprmg sampling locations (rather than 
from background stream locations) were adopted for cornpanson to OU-6 pond data because 

(4047 821 OOO9 841) (TM4 A) (07 20-94 10 18pm) A- 1 



of the slmllanty of the flow conditions for ponds and seeps/spnngs (both of them have 
relatively long residence tune) 

A.2 STATISTICAL BACKGROUND COMPARISON 

Background compansons were performed according to the procedures given in the "Guidance 
Document, Statistical Compansons of Site-To-Background Data m Support of RFI/RI 
Investigations" (EG&G 1994), whch was pnmanly based on the methodology proposed by 
Gllbert (Gllbert 1993) The formal statistical tests were the Gehan test, Shppage test, 
Quantde test, and t test Analytical results were also compared to the upper tolerance h i t  
(w,,) of background to identlfy hgh concentmuons out of background range The 
conditions for applying each of the tests are bnefly discussed below 

A.2.1 Formal Statlstical Tests 

Four formal statistical tests were performed to test the drfference between the background 
and site populations If any of the four statistical tests was sigruficant, the analyte was 
considered to be a potenual chemical of concern Sigmficance was defined as a p value less 
than or equal to 0 05, the Type I (false positive) error rate Non-detects of metals were 
treated as descnbed below for each test All the radionuclide results were treated as detects 

1 Gehan Test 

The Gehan test (Gehan 1965, explaned in Gllbert 1993) is a non-parametnc 
ranlung test It was performed for all the media-analyte groups For non- 
detects, the reportmg limits were used for ranlung purposes 

2 Slippage Test 

The slippage test (Rosenbaum 1954), a non-parametnc test, was performed 
by compmng the OU-6 measurements to the maximum background 
measurement (detect or non-detect) The p value for the probabrlity of the 
number of site measurements greater than the maxlmum background 
measurement was calculated Reportmg hmits were used for non-detects 

(4047 821 OOO9 841) (TM4 A) (07 2&94 10 18pm) A-2 
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3 Quantde Test 

The Quantile test (Gilbert and Simpson 1992), a non-parametnc test, was 
performed by first ranlung the combmed background and OU-6 measurements 
from largest to smallest If there were no non-detects among the top 20% of 
the combmed background and OU-6 measurements, the probabhty of the 
number of site measurements w i t h  the top 20% of the data set was 
calculated If there were any non-detects among the top 20% of the 
measurements, no Quantile test was performed 

4 t Test 

The t test, a parametnc statisbcal test, was performed under these conditions 
that (1) the non-detects UI each of the data sets is less than 20% of the 
measurements, and (2) EITHER each of the data sets contams at least 20 data 
points, OR both of the datasets are normally distnbuted 

For simphcity, the t test was only performed when condition (1) and the first 
option of condition (2) were met Non-detect results for metals were replaced 
by one-half the reporting limits 

The homogeneity of the vanance was tested followmg Levene's test (EPA 
1992) If the vanances from both data sets were the same, the standard t test 
was performed If the vanances were not the same, the unequal vanance t 
test (Helsel and Husch 1992) was performed 

A.2.2 Upper Tolerance Lunit (UT&,.,J Comparison 

For each media-analyte in the background data, an upper tolerance limit with 99% 
confidence and 99% coverage (zrrlL99,99) was calculated, assuming the background data were 
normally distnbuted (EG&G 1994) In calculating the UTL, if non-detects were less than 
80% of the data, one-half the reporting hmit was used as the result for non-detect samples 
Otherwise, the maximum background measurement, instead of the VI&,9,99, was used in the 
compansons For the radionuclides, all the results were treated as detects (EG&G 1994) 
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Each of the OU-6 measurements was compared to the m,,, If one or more OU-6 
measurements exceed the background zJrI.L99/99, the analyte was considered as a potential 
chemical of concern for further evaluation, even If the analyte did not exceed background 
levels accordmg to the formal statistical evaluation 

A.3 BACKGROUND COMPARISON RESULTS 

The number of morgamc potential chemicals of concern m each media-analyte group 
resultmg from the background compmsons is summanzed in Table A-1 Out of 374 media- 
analytes, 142 media-analytes were identified as above background based on the formal 
statistical tests An additional 32 media-analytes were idenMied as above background based 
on the UTI+,/, compmson alone 

The summary tables for the background compmsans for each medla-analyte group are 
presented in the remamng tables in Appendix A 

A 4 STATISTICAL PROFESSIONAL JUDGEMENT 

Statistical professional judgement was apphed for those media-analytes that were below 
background according to the formal statistical tests but faled to pass the m9/99 
compmsons The professional judgement consisted of performing a log-normal w,w 
compmson If the background data were log-normally distnbuted 

According to the background cornpanson methodology (EG&G 1994), the U'll+,w was 
calculated assumrng a normal distnbution of background data However, log-normal 
distnbution may better descnbe some geochemical data, as indicated in the Statistical 
AnaIysis of Ground-Water MoNtonng Data at RCRA Facilities (EPA 1992) Log-normal- 
based m 9 / 9 9 s  were calculated for media-analytes that passed the formal statistical tests but 
failed to pass the normal-based m/99 cornpanson If a media-analyte passed the log- 
normal-based U'&9/99 compmson, probability plots were generated for both normal and log- 
normal distnbutions If the probability plots indicated that the data better fit a log-normal 
distnbution, the media-analyte was elimmated from the potential chemical of concern hst 
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A positive constant was added to the radionuchde results (including negative and zero values) 
to make all the results positive pnor to log transformation The constant was selected to 
mprove the goodness of fit of the appropnate distnbution After the log-normal 
was calculated based on thls shlfted distnbution, the constant was subtracted from the 
calculated m,,, to get the "true" log-normal value 

The results of the log-normal-based compmsons are presented in the remark 
column m the summary tables Based on the results of the log-normal m9/,, compmson, 
the followmg ten analytes were elminated as potenhal chemicals of concern 

Medium Analvte 

Surface Sod 

Subsurface Soil 

Groundwater 

Pond Sediment 

Alummum 
Cadmium 
Uramum-233,234 

Copper 

Total (unfiltered) Tin 
Flltered Radium-228 

Berylhum 
Cadmium 
Nickel 
Tntium 
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APPEYDM B 
RISK BASED EVALUATION OF INFREQUENTLY DETECTED CHEMICALS 
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APPENDIX B 
RISK-BASED EVALUATION OF INFREQUENTLY DETECTED CHEMICALS 

B.l PURPOSE AND APPROACH 

The chemicals of concern evaluated in a quantitative human health nsk assessment are the 
subset of all site-related chemicals that are thought to pose the greatest potential nsk to 
human health The determmation that these chemicals may pose the greatest potential nsk 
is generally based on an evaluation of the followlng three cntena 

a The inherent toxlcity of the chemical 

e The concentrations of the chemical found on-site and 

a The potential for human exposure to the chemical (e g , whether or not the 
chemical is widely distnbuted across the-site or could readily migrate from 
the site) 

In general, compounds found at low frequency ( e  5 % of all samples for a particular media) 
are not included as chemicals of concern because the potentnl for human exposure is lunited 
However, all infrequently detected compounds were evaluated accordmg to the procedures 
shown m Figure 2-1 so as not to neglect infrequently detected chemicals that could contnbute 
sigmficantly to nsk if they were co-located with other potentially hazardous compounds at 
source areas or location where routine exposure could occur 

This evaluation examines those metals (detected above background) and organic chemicals 
that were inltaally excluded from the chemicals of concern based on low frequency of 
detection, using a health-based screening approach A screerung evaluation was performed 
using prehminary remediation goals (PRGs) calculated m guidance provided by DOE (1 994) 
The screenmg evaluation was performed for all low-frequency chemicals for which PRGs 
were avalable As a benchmark, it was assumed that any infrequently detected chemical 
whose maxmum concentration was greater than lo00 tunes the PRG warrants further 
evaluation The purpose is to identify those infrequently detected chemicals that may pose 

(4047 821 ooo9 841) (TM-4 B) (07 20-94 10 2Opm) B- 1 
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an unacceptable health nsk (cancer or non-cancer) if chronic exposure were to occur These 
chemicals are retamed for separated evaluation m the nsk assessment Since they are not 
characteristic of contammation in OU-6, nsk will be assessed separately at the locations 
where the special case chemicals are found 

PRGs were calculated assummg a residential exposure scenano, using standard toxlcity 
values (RfDs and SFs) estabhshed by EPA, and using the exposure assumptions outhed 
below (DOE 1994) For surface sods, subsurface sods, pond sediments, and stream 
sediments, multiple pathway exposure was assumed (ingestion and inhalauon of particulates) 
in calculatmg PRGs The PRG for residentml sod (surface sod) is used for al l  types of sod 
and sedunent m thu evaluation For carcinogenic effects the target excess hfetme cancer 
nsk is assumed to be 1C6 (1 m l,OOO,OOO), the exposure frequency is 350 days/year, 
exposure duration is 30 years, averaging tune is 70 years, dady lnhalation rate is 20 m3/day, 
the particulate emission factor (for non-volatile orgatucs and morganics) is 4 63 x lo9 m3/kg, 
body weight is 70 kg, and the age-adjusted soil mgestion factor is 114 mg-yr/kg-day All 
exposure parameters are EPA standard default exposures for adult residents, except for sod 
ingestion, whch is a tune-weighted average for chdd and adult exposures For 
noncarcmogemc effects, all of the exposure parameters are the same as the carcmogemc 
exposure parameters except the averaging time is 30 years and mstead of a target excess 
lifetme cancer nsk, the target hazard index 1s 1 

The PRGs for groundwater also assume a residentlal scenano mcluding ingestion and 
inhalation of volatile organic chemicals released dunng use The residential groundwater 
PRGs are also used in the evaluation of pond surface water, even though surface water is not 
expected to be used for domestic d-g water The PRGs for residential groundwater are 

more conservative than the PRGs for residential surface water (based on swmming 
exposures), therefore providing more stnngent screening cnteria for chemicals found in pond 
surface water The exposure parameters for groundwater are target excess llfetime cancer 
nsk of lo6 (1 m l,OOO,OOO), body weight of 70 kg, averaging tune of 70 years, exposure 
frequency of 350 days/yr, exposure duration of 30 years, dady indoor mhalation rate of 15 
m3/day, a volatilmition factor (for volatile organic chemicals) of 0 5 Urn3, and a h l y  
ingestion rate or 2 L/day All exposures are EPA standard default exposures for adult 
residents For noncarcinogenic effects, all of the exposure parameters are the same as the 

(4047 821-0009 841) (TM4 B) (07 20-94 IO 2Opm) B-2 



carcmogemc exposure parameters except the averagmg time is 30 years and mstead of a 
target excess hfetune cancer nsk, the target hazard index is 1 

B.2 SURFACESOIL 

One metal (molybdenum) and one PCB (Aroclor-1254) were detected at low frequency 
( C 5 % detection) m surface soil samples Table B-1 presents a companson of the maxltnum 
detected concentrations to the health-based screening cntena (both cancer and non-cancer) 
Chemicals whose maxlmum detected concentration were greater than loo0 tunes either the 
cancer or non-cancer PRGs wdl be remned for further evaluation as special case chemicals 
of concern Table B-1 shows that neither molybdenum nor Aroclor-1254 had concentmbons 
above the lo00 tunes the PRG, and therefore they wlll not requve further evaluation m the 
nsk assessment 

B.3 SUBSURFACE SOIL 

Twelve VOCs and SVOCs were reported at less than 5 percent frequency in subsurface soils 
These are listed m Table B-2 None of the twelve chemicals exceeded the loo0 tunes the 
PRG, and therefore they wdl not requve further evaluation in the nsk assessment 

B.4 GROUNDWATER 

Table B-3 lists 15 organic chemicals detected at less than 5 percent frequency in 
groundwater Of these, two (1,2,4-tnrnethylbenzene and 2-hexanone) do not have PRGs 
Table B-6 shows the chemicals detected at low frequency in all media for whlch there are 
no PRGs None of the remainmg 13 chemicals were detected at concentrations exceedmg 
the screening-level cntena, and they will not require further evaluation in the nsk 
assessment 

B.5 PONDSEDIMENT 

Twelve VOCs, SVOCs, pesticides and PCBs were detected at less than 5 percent frequency 
in pond sediments Dibenzofuran and 2-methylnaphthalene were detected at low frequency, 
but do not have PRGs and are listed on Table B-6 The remanmg ten chemicals are listed 

(4W7 821 ooo9 841) (TM-4 B) (07 20-94 10 2%) B-3 



on Table B-4 None of the ten chemicals were detected at concentrations exceeding lo00 
times the PRG, and they wdl not require further evaluation in the nsk assessment 

B.6 POND SURFACE WATER 

Table B-5 hsts the two chemicals (1,2-dichloroethane and tetrachloroethene) detected at low 
frequency in pond surface water Neither chemical exceeded the screerung-level cntena, and 
they will not requm further evaluation m the nsk assessment 

B.7 STREAMSEDIMENT 

No chemicals were detected at low frequency m stream sediments, therefore, a screerung- 
level evaluation was not performed 

References 

Department of Energy (DOE) 1994 Programmatic hlimmary Remediation Goals Draft 
Fmal Rocky Flats Plant Golden, CO June 1994 
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TABLE B-1 
ROCKY FLATS PLANT OU-6 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO PRGs 

SURFACE SOIL 

Maximum Residential 
Detected so11 Max Cone> Max Conc > 

Chemcal Conc (mgkg) PRG (mgkg) PRG7 1000 x PRG? 
Organic Compounds 
Aroclor- 1254 0 425 8 32E-02 YES NO 

Metals 
Chromum 35 1 2 74Ei-05 NO NO 
Molybdenum 9 9  137E+03 NO NO 
Silver 52 7 137E+03 NO NO 
Uraruum-233/234 (pCdg) 2 02 4 47EWl NO NO 

(4047 821 0009 841) (APP-BTBL XLS 5) (7/21/94 12 48 AM) 8 
Sheet 1 of 1 



TABLE B-2 
ROCKY FLATS PLANT OU-6 

INFREQUENTLY DETECTED COMPOUNDS 
COMPAFUSON TO PRGs 

SUBSURFACE SOIL'" 
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(4047 821 oM)9 841) (APP-BTBL XLS-4) (7/21/94 I2 48 AM) Sheet 1 of 1 

-mum Residential 
Detected Soil Max Cone> Max Conc > 

Chemcal Conc ( m a g )  PRG (mgikg) PRG? 1000 x PRG? 
Organic Compounds 
1 4-Dichlorobenzene 0 064 2 67E+01 NO NO 
4-Methyl-2-pentanone 0 004 1 37E+04 NO NO 
Acenaphthene 0 056 165E+04 NO NO 
Benzene 0 006 2 21E+01 NO NO 
Benzo(a)anthracene 0 099 8 77E-01 NO NO 
Benzo(k)fluoranthene 0 06 8 77E+00 NO NO 
Chlorobenzene 0 074 5 49E+03 NO NO 
Chloroform 0 002 105E+02 NO NO 
Chrysene 0 12 8 77E+01 NO NO 
Diethyl phthalate 0 3  2 20E+05 NO NO 
Di-n-octyl phthalate 0 072 5 49E+03 NO NO 
Indeno( 1,213-cd)pyrene 0 099 8 77E-01 NO NO 
Pentachlorophenol 0 66 5 34E+00 NO NO 
Phenol 0 055 165E+05 NO NO 
Styrene 0 001 5 49E+04 NO NO 
Tnchloroethene 0 021 5 82E+01 NO NO 
Xylenes total 0 002 5 49E4-05 NO NO 

Metals and Radionuclides 
Vanadium 118 1 92E+03 NO NO 
Urmum-238 (pCdg) 141 4 60E+01 YES NO 

( I )  Excluding Old Outfall (MSS 143) 



TABLE B-3 
ROCKY FLATS PLANT OU-6 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO PRGs 
UHSU GROUNDWATER 

=mum Residential 
Detected Groundwater Max Cone> Max Conc > 

Chenucal Conc (mgll) PRG (mgA) PRG? 1000 x PRG? 
Organic Compounds 
1,l-Dtchloroethene 0 005 1 67E-05 YES NO 
1,2-Dichloroethane 0 002 1 97E-04 YES NO 
1,2-Dtchloroethene, trans" ) 0 009 3 28E-01 NO NO 
2-Butanone 0 001 2 47Ei-00 NO NO 
4-Methyl-Zpentanone 0 002 1 98E-01 NO NO 
Benzene 0 003 6 15E-04 YES NO 
Carbon &sulfide 0 004 2 7SE-02 NO NO 
Carbon tetrachlonde 0 008 2 60E-04 YES NO 
Chloromethane 0 00025 2 32E-03 NO NO 
Ethylbenzene 0 001 1 58Ei-00 NO NO 
Styrene 000011 2 OlE+OO NO NO 

Xylenes (total) 0 014 7 30E4-01 NO NO 
Vinyl chlortde 0 86 2 81E-05 YES 7 1  

(') The PRG for 1 2-Dichloroethene, total was used 

Sheet 1 of 1 



TABLE B-4 
ROCKY FLATS PLANT OU-6 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO PRGs 

POND SEDIMENT 
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(4047 821 OOO9 841) (APP-BTBL XLS 2)(7/21/94 I2 47 AM) 

Maximum Residenual 
Detected Soil Max Cone> Max Conc > 

Chemcal Conc (mgkg) PRG (mgkg) PRG7 1000 x PRG7 
Organic Compounds 
1,2,4-Tnchlorobenzene 0 13 2 74Ei-03 NO NO 
4-Methyl-2-pentanone 0 006 1 37E+04 NO NO 
Aldnn 0 054 3 77E-02 YES NO 
Aroclor- 1260 0 86 8 32E-02 YES NO 
Dibenzo(a h)anthracene 0 15 8 77E-02 YES NO 
Fluorene 0 46 1 10Ei-04 NO NO 
gamma-BHC (Lindane) 0 025 4 93E-01 NO NO 
Heptachlor 0 039 1 42E-01 NO NO 
Naphthalene 0 39 1 10E+04 NO NO 
Phenol 0 29 165E+05 NO NO 

Metals 
Antlmony 68 5 110E+02 NO NO 

Sheet 1 of 1 
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TABLE B-5 
ROCKY FLATS PLANT OU-6 

INFREQUENTLY DETECTED COMPOUNDS 
COMPARISON TO PRGs 
POND SURFACE WATER 

Maxlmum Residenhd 
Detected Groundwater Max Cone> Max Conc > 

Chemcd Conc (men) PRG(mg/l) PRG7 1000 x PRG7 
Organic Compounds 
1,2-Dchloroethane 0 001 1 97E-04 YES NO 
Tetrachloroethene 0 012 143E-03 YES NO 

(4047 821 ooo9 841) (APP-BTBL XLS I )  (7/2l/!%l 12 50 AM) 

I 
Sheet 1 of 1 



TABLE B-6 
ROCKY FLATS PLANT OU-6 

INFREQUENTLY DETECTED COMPOUNDS 
WITHOUT PRGs 

Chemical 
Groundwater 

1 2,4-Tnmethylbenzene 
2-Hexanone 

Pond Sediment 
2-Methylnaphthalene 

Dibenzofuran 

(4047 821 ooO9 84I)(APP_BTBLXLS 6)(7/21/94 1249AM) 
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TOTAL SUSPENDED SOLIDS BY WELL NUMBER 
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GW PPMON 02691 IGWOO693WC IWQPL /TOTAL SUSPENDED SOLIDS I 360001 5001MGIl 1 
EMAD 02691 lGW025131T IWQPL /TOTAL SUSPENDED SOLIDS I 410001 4001MGll I 

Page 1 



TSSSL DBF 

GW PPMON 
EMAD 
EMAO 

1586 GWOO555WC WQPL TOTAL SUSPENDED SOLIDS 47 00 500 MGlL 
1586 GW018821T WQPL TOTAL SUSPENDED SOLIDS 100 00 4 00 MGlL 
1586 GW026761T WQPL TOTAL SUSPENDED SOLIDS 110 00 400  MGlL 

EMAD 
GW PPMON 
EMAD 
GW PPMON 

1586 GW015091T WQPL TOTAL SUSPENDED SOLIDS 130 00 4 0 0  MGIL 
1586 GWOl1201T WQPL TOTAL SUSPENDED SOLIDS 130 00 4 00 MGl1 
1586 GWO22401T WQPL TOTAL SUSPENDED SOLIDS 170 00 4 0 0  MGlL 
1586 GWO1415WC WQPL TOTAL SUSPENDED SOLIDS 250 00 4 0 0  MGlL 

GW PPMON 
EMAD 

1586 GWOO136WC WQPL TOTAL SUSPENDED SOLIDS 1 28000 4 00iMGlL 1 
1586 GW031821T WQPL TOTAL SUSPENDED SOLIDS 36000 400)MGlL 1 

(123456 

GW PPMON 
123456 
GW PPMON 
EMAD 

GW PPMON 

EMAD 

1586 GW009041T WQPL TOTAL SUSPENDED SOLIDS 760 00 4 00 MGIL 
1786 GWOll161T WQPL TOTAL SUSPENDED SOLIDS 1200 OD 4 00 MG/L 
1786 GWO1127WC WQPL TOTAL SUSPENDED SOLIDS 1274 00 5 00 MGlL 
1786 GW018781T WQPL TOTAL SUSPENDED SOLIDS 1300 00 400 MGlL 

11 786 

EMAD 
GW PPMON 
GW PPMON 
EMAD 
GW PPMON 
GW PPMON 

p 
1786 
1786 GW022101T WQPL TOTAL SUSPENDED SOLIDS 3300 00 4 00 MGlL 
1786 GWOO557WC WQPL TOTAL SUSPENDED SOLIDS 6700 00 4 0 0  MG/L 
1786 GWOO138WC WQPL TOTAL SUSPENDED SOLIDS 11000 00 5 00 MGlL 
3586 GW032171T WQPL TOTAL SUSPENDED SOLIDS 5 00 5 00 MGIL U 
3586 GWO1244WC WQPL TOTAL SUSPENDED SOLIDS 32 00 4 0 0  MGlL 
3586 GWO1701WC WQPL TOTAL SUSPENDED SOLIDS 42 00 4 0 0  MGlL 

IGW036301T 

GW PPMON 
EMAD 
EMAD 

1 G WO 14741T 
IGW031901T 

3786 GW032331T WQPL TOTAL SUSPENDED SOLIDS 25 00 5 00 MGlL 
3786 GW015211T WQPL TOTAL SUSPENDED SOLIOS 26 00 4 0 0  MGIL 
3786 GW026561T WQPL TOTAL SUSPENDED SOLIDS 32 00 4 00 MGlL 

L 

SOLIDS 

SOLIDS 

TOTAL SUSPENDED SOLIDS 
TOTAL SUSPENDED SOTlDS 

soiins 

GW PPMON i3786 

WLlpL 
WQPL 

GW00155GA WQPL TOTAL SUSPENDED SOLIDS 44 00 4 00 MGlL 

1380 
1500 
1500 

GW PPMON I3786 GW036411T WQPL ]TOTAL SUSPENDED SOLIDS 49 00 5 00 
GW PPMON 13786 GWO1362WC WQPL (TOTAL SUSPENDED SOLIDS 50 00 4 00 

00 I 

MGlL 
MGlL 

1590 
2100 
2100 00 I 

5 00 MGlL 

4 00 I MGlL 

I 123456 13786 IGWO12231T IWQPL ITOTAL SUSPENDED SOLIDS 1 6000) 4 OOlMGlL 1 I 
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TSSSL DBF 

EMAD 3886 GW012241T WQPL TOTAL SUSPENDED SOLIDS 40 00 4 0 0  MGIL 
GW PPMON 3886 GWOO552WC WQPL TOTAL SUSPENDED SOLIDS 61 00 5 00 MGIL 
EMAD 4087 GW027901T WQPL TOTAL SUSPENDED SOLIDS 19 00 4 0 0  MGlL 
IEMAD 14087 GWO15291T WQPL TOTAL SUSPENDED SOLIDS 32 00 4 0 0  MG/L 

' I  

GW PPMON 
EMAD 
GW PPMON 
EMAD 
EMAD 

e 

41091 GWOO125WC WQPL TOTAL SUSPENDED SOLIDS 190 00 4 0 0  MGIL 
41091 GW026091T WQPL TOTAL SUSPENDED SOLIDS 250 00 4 00 MGIL 
41091 GW036161T WQPL TOTAL SUSPENOED SOLIDS 207 00 5 00 MGIL 
41091 GW021711T WOPL TOTAL SUSPENDED SOLIDS 330 00 4 0 0  MG/L 
41091 GW031531T WQPL TOTAL SUSPENDED SOLIDS 660 00 400 MGlL 

Y 

GW PPMON 3886 GWOO128WC WQPL TOTAL SUSPENDED SOLIDS 20 00 5 0 0  MGIL 
EMAD 3886 GW026571T WQPL TOTAL SUSPENDED SOLIDS 28 00 4 0 0  MGIL 

GW PPMON 
GW PPMON 
GW PPMON 
GW PPMON 

41 691 GW00247GA WQPL TOTAL SUSPENDED SOLIDS 140 00 4 0 0  MGlL 
41691 GWO1357WC WQPL TOTAL SUSPENDED SOLIDS 434 00 500  MGIL 
41691 GW00400GA WQPL TOTAL SUSPENDED SOLIDS 610 00 4 0 0  MGlL 
41691 GWO1549WC WQPL TOTAL SUSPENDED SOLlDS 663 00 500 MGlL 

GW PPMON 
GW PPMON 
GW PPMON 
GW PPMON 

41691 GWOO44OWC WQPL TOTAL SUSPENDED SOLIDS 860 00 4 0 0  MGIL 
41691 GW038061T WQPL TOTAL SUSPENDED SOLIDS 910 00 4 0 0  MGlL 
41691 GW00291GA WQPL TOTAL SUSPENDED SUttQS 1200 00 4 0 0  MGIL 
41691 GW00275GA WQPL TOTAL SUSPENDEDXILIDS 1500 00 400 MG/L 

GW PPMON 141691 
EMAD 141691 
GW PPMON 141691 

GWOlOlOWC WQPL TOTAL SUSPENOED SOLIDS 1600 00 4 0 0  MGlL 
GW026151T WQPL TOTAL SUSPENDED SOLIDS 1700 00 4 0 0  MG/L 
GW00274GA IWQPL TOTAL SUSPENDED SOLIDS 1860 00 5 00 MGlL 

GW PPMON 141691 
GW PPMON I41691 
EMAO 14169l- 

GW033961T /WQPL TOTAL SUSPENDED SOLIDS 2240 00 5 00 MGlL 
GW00248GA IWQPL TOTAL SUSPENDED SOLIDS 3000 00 4 00 MGIL 
GW029531T IWQPL TOTAL SUSPENDED SOLIDS 3300 00 500 MGlL 

GW PPMON 
EMAD 
EMAD 

41691 GW00290GA WQPL TOTAL SUSPENDED SOLIDS 5200 00 4 0 0  MGIL 
41691 GW020901T WQPL TOTAL SUSPENDED SOLIDS 7000 00 4 0 0  MG/L 
4287 GW026721T WQPL TOTAL SUSPENDED SOLIDS 88 00 4 0 0  MGIL 

GW PPMON 
EMAD 
EMAD 

Page 3 

41691 GW00290GA fWQPL (TOTAL SUSPENDED SOLIDS I 5200001 4OOIMGlL I 
41691 GW020901T 1 WaPL ITOTAL SUSPENDED SOLIDS I 7000001 4001MG/L I I 
4287 GW0267L 1 -  I I 

EMAD 4287 GW022461T .WQPL TOTAL SUSPENDED SOLIDS 95 00 400  MGl l  
EMAD 
GW PPMON 

4287 GWOl2311T WQPL TOTAL SUSPENDED SOLIDS 140 00 4 0 0  MGIL 
4287 GW00031GA WQPL TOTAL SUSPENDED SOLIOS 175 00 500  MG/L 

GW PPMON 
GW PPMON 
EMAD 
EMAD 

7087 GWOll17WC WQPL TOTAL SUSPENDED SOLIDS 836 00 5 0 0  MGlL 
7087 GWOO523WC WQPL TOTAL SUSPENDED SOLIDS 1100 00 5 00 MGlL 
7087 GW023031T WQPL TOTAL SUSPENDED SOLIDS 1100 00 4 0 0  MGlL 
7087 GW030941T WQPL TOTAL SUSPENDED SOLIDS 1200 00 4 0 0  MGlL 



TSSSL DBF 

EMAD 
GW PPMON 
123456 
GW PPMON 

4 OOlMGlL I 

8206489 GW027201T WQPL TOTAL SUSPENDED SOLIDS 21 00 4 0 0  MGIL 
8206489 GWOO522WC WQPL TOTAL SUSPENDED SOLIDS 31 00 4 0 0  MGlL 
8206489 GW009561T WQPL TOTAL SUSPENDED SOLIDS 81 00 500  MGll 
8206589 GW00038GA WQPL TOTAL SUSPENDED SOLIDS 4 00 400 MGlL U 

I 

3 

I 
11 
1 
I 
I 
E 
8 

EMAD 8206589 GW02311IT WQPL TOTAL SUSPENDED SOLIDS 4 00 400 MGlL 
EMAD 8206589 GWO3091 IT WQPL TOTAL SUSPENDED SOLIDS 4 00 400  MG/L U 

8206589 GWO2721 IT WQPL TOTAL SUSPENDED SOLIDS 4 00 4 0 0  MGlL U 
4 00 4 0 0  MGlL U 

EMAD 
GW PPMON 8206589 GWDI 118WC WQPL TOTAL SUSPENDED SOLIDS 

L 

- GW PPMON 7287 GWO1391WC WQPL TOTAL SUSPENDED SOLIDS 400  MGIL 5000 00 
GW PPMON 7287 GWOll13WC WQPL TOTAL SUSPENDED SOLIDS 9382 00 5 00 MGlL 
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I 
li: 
I 

IEMAD lP209789 IGWOl6lOIT IWQPL ITOTAL SUSPENDED SOLIDS 1 26001 4001MGlL I I 

1 
'GW PPMON P209789 GW035511T WQPL TOTAL SUSPENDED SOLIDS 54 50 5 00 MGIL 
~GW PPMON P209789 GWO1048WC WQPL TOTAL SUSPENDED SOLIDS 81 00 4 0 0  MGIL 
'123456 ~209789  GWOIOZ~~T waPL TOTAL SUSPENDED SOLIDS 140 00 4 00 MGlL 
'EM AD P209789 GW022391T WQPL TOTAL SUSPENDED SOLIDS 420 00 4 0 0  MGlL 
IGW PPMON P218389 GWO1522WC WQPL TOTAL SUSPENDED SOLIDS 224 00 5 0 0  MGIL 
GW PPMON P219489 GWO1523WC WQPL TOTAL SUSPENDED SOLIDS 52 00 5 00 MGlL 

TSSSL DBF 

a 
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I 

V ,,,,, ,05 OCT 93, 261 184 
V ,,,,,,,,, 25 AUG 93, 242936 

I 

TRG 11/2/93 08 59 2 4/21/93 
TRG 1112193 08 59 2 3/22/93 

a 

I IV.. ., 05 OCT 93 261185 ITRG 11 112193 08 59 2 1 I 41211931 I 

' t  

V 
V 
JA 

TSSSL OBF 

14 MAR 94,,, ,TRG,,,3496514 REAL 3/31/94 20 42 0 1216193 00 00 00 11130193 
18 SEP 92 ,,,,, TRG,,,1494328 REAL 3/31/94 20 42 0 5/19/92 00 00 00 5\14/92 
05 OCT 93 l....TRG ..2615640 REAL 3131194 20 42 0 5112193 00 00 00 514193 

QUAL WICHEM COMME IQAQCTYP \DATE LOADE IDATE ANALY IOATE SAlN16 
1V. , 25AUG93 242935 a ITRG 11 112193 08 59 2 ~ I 31221931 1 

V 
V 
JA 

V,, ,, 05 OCT 93 261 185 TRG 1112193 08 59 2 412 1 I93 
14 MAR 94,,, ,TRG,,,3496514 REAL 3/31/94 20 42 0 1216193 00 00 00 11130193 
18 SEP 92 ,,,,, TRG,,,1494328 REAL 3/31/94 20 42 0 5/19/92 00 00 00 5\14/92 
05 OCT 93 l....TRG ..2615640 REAL 3131194 20 42 0 5112193 00 00 00 514193 

... .. 

V 101 APR 92 ,,,, TRG,,,1131281 REAL 3131194 20 42 0 12123191 00 Do 0 12119191 
V 104 MAR 93 ,,,,, TRG,,,1897507 REAL 3131194 20 42 0 

Iv 108 JUL 92 ,,,,, TRG..,168837 I REAL I313 1194 20 42 o I313192 00 00 00 I 2127192 I I 

1 lllU92 00 00 0 lljQI92 

V 110 MAR 94 ,TR1, 3468322 ]REAL 13131194 20 42 o pi4193 00 00 00 I 81301931 
V 11 1 AUG 93 ,, TRG ,,2335934 ]REAL )3131194 20 42 0 )311193 00 00 DO I 21221931 

V ,29 MAY 92, TRG 1356417 
V 124 AUG 92,,, ,TRG,,,1450682 

Iv 11 6 MAR 94 ... TRG ..1720723 IREAL 13131194 20 42 0 1816192 00 00 00 1 8131921 I 

REAL 3131194 20 42 o 7124191 0000 00 j 7118191 
REAL 3pJ1194 20 42 0 4127192 00 00 00 1 4123192 

V 
V 
V 
V 

17 JUL 92 ,,,,, TRG,,,1378910 REAL 3/31 I94 20 42 0 4120192 00 00 00 411 5/92 
20 NOV 92,, ,,TRG,,,1579684 REAL 3131194 20 42 0 7/21/92 00 00 00 7116192 
29 MAY 92 ,,,,, TRG,,,1356418 REAL 3131194 20 42 0 7/24/91 00 00 00 7119191 
04 MAR 93.. ... TRG...1944374 REAL 3131194 20 42 0 10112192 00 00 0 1017192 

V 
V 

. . . . . . . . . .  . .  

01 FEB 92 ,,,,, TRG,,,1123176 REAL 3131194 20 42 0 10122191 00 00 0 10115191 
16 MAR 94,, ,,TRG ,,7144 REAL 3131194 20 42 0 1123192 00 00 00 1121192 

V 20 NOV 92 ,,,,, TRG,,,1711849 REAL 3131194 20 42 0 814192 00 00 00 7130192 
V 01 FEB 92,, TRG,,,1078360 REAL 3131194 20 42 0 4129191 00 00 00 4124191 
V 11 SEP 93 ,,,,, TRG,,,2521638 REAL 3131194 20 42 0 4119193 00 00 00 4113193 
V 17 JUL 92 ,TRG, 1378909 REAL 3131194 20 42 0 4120192 00 00 00 4115192 
V 30 JUL 93 , ,  TRG,, 2267170 REAL 3131194 20 42 0 2/6/93 00 00 00 212193 
- -  V - -Ap '10 MAR 94 TR1 3470186 REAL 313 1 I94 20 42 0 1013 1/93 00 00 0 10128193 I 

, TRG 1078978 REAL 3131194 20 42 0 3121191 00 00 00 3115191 
I , , , ,  TRG, ,1079089 REAL 3131194 20 42 0 7118191 00 00 00 1 7116191 

V 01 FEB 92 ,, ,TRG,,,ll24536 REAL 3/31/94 20 42 0 10124191 00 00 0 10122191 
Y ,,,,,TRG,,,3619659 REAL 3131194 20 42 0 1125194 00 00 00 1120194 
V 16 MAR 94,,, TRG ,,5163 REAL 3131194 20 42 0 1120192 00 00 00 1114192 
V 04 MAR 93 ,, ,TRG 1944291 REAL 3131194 20 42 0 10117192 00 00 0 10113192 
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TSSSL DBF 

V 
V 

I 

20 NOV 92 ,,,,, TRG,,,1579689 REAL 3131194 20 42 0 7123192 00 00 00 711 6192 1 
10 MAR 94, ,,,TR1,,,3457436 REAL 3/31/94 20 42 0 819193 00 00 00 812193 I 

I 

V 
V 
V 
V 

I 

,, TRG,,1079890 ~ REAL 3/31/94 20 42 0 3/12/91 00 00 00 3/4/9 1 
01 FEB 92 TRG,, 1078402 REAL 3/31/94 20 42 0 4/22/91 0090 00 4/18/91 
10 MAR 94 TR l  “3457438 REAL 3/31/94 20 42 0 819193 00 00 00 8/2/93 
01 FEE 92 ,,,, TRG,,,1122350 REAL 3131194 20 42 0 10117191 00 00 0 10110191 
01 FEE 92 ,,TRG,,,1078462 REAL 3131194 20 42 0 3111191 00 00 00 I 3/4/91 

V 
I 

17 JUL 92 ,,,,, TRG,,,1376889 REAL 3/31/94 2042 0 14/13/92 00 00 00 4/7/92 
V 03 MAR 94 ,, TRG ,3423702 REAL 3/31/94 20 42 0 11 111193 00 00 00 

Iv 116 MAR 94 .... TRG,,,1921905 I REAL 13131194 20 42 o I 1011 3192 oo oo o I io17192 I 1 
10129193 

,,,,TRG,,,1078846 REAL 3131194 20 42 0 7/12/91 00 00 00 71919 1 
V 20 NOV92 ,,,,, TRG,,,1711842 REAL 3/31/94 20 42 0 .7/30192 00 00 00 7/27/92 

V 113 OCT 93,, ,,TRG,,,2670220 /REAL 
V 125 AUG 93,,;,TRG,,,2313548 (REAL 

3/31/94 20 42 0 5/12/93 00 00 00 1 5/6\93 I 
3/31/94 20 42 0 318193 00 00 00 I 3151931 - 

V 
V 

V 
V 

16 MAR 94,,,,TRG,,,5151 REAL 3131f94 20 42 0 1/14/92 00 00 00 1110192 
07 APR 93 ,,TRG,, 2003312 REAL 3/31/94 20 42 0 12/15/92 00 00 0 12/10/92 
,,,,TRG,, 1078443 REAL 3131/94 20 42 0 3/21191 00 00 00 3/14/91 
01 FEE 92 ,,,,, TRG,,,1122054 REAL ‘3131194 20 42 0 10114191 00 00 0 10/8191 
01 FEE 92.,,, TRG 1078636 REAL 13131194 20 42 0 512191 00 00 00 4129191 

Y 1,. , TRG. 3529721 /REAL 13131194 20 42 0 112116193 00 00 0 I 121131931 I 

V 17 JUL 92 ,,,,, TRG,,,1376890 REAL 3/31/94 20 42 0 4/13/92 00 00 00 1 4/8/92 
V 01 FEB 92 TRG, ,1079150 REAL 3/31/94 20 42 0 5/2/91 00 00 00 1 4130191 1 

V 01 FEB 92 ,,,TRG,,,1123175 REAL 3131194 20 42 0 10122191 00 00 0 10115191 
,,, ,TRG,,,1078877 REAL 3/31/94 20 42 0 3/25/91 00 00 00 3/19/91 

V 
V 
V 
Y 

Page 7 

17 FEB 93 ,,,,, TRG,,,1856590 REAL 3/31/94 20 42 0 9/21/92 00 00 00 9118192 
29 MAY 92,,, ,TRG,,,1356414 REAL 3131194 20 42 0 7119191 00 00 00 7117191 
17 JUL 92 ,,,,, TRG, ,1378903 REAL 3131194 20 42 0 4116192 00 00 00 4114192 
. ... TRG.. 3640066 REAL 3131194 20 42 0 2/1/94 00 00 00 1 I2 7194 

V 
V 

04 MAR 93 ,,,,, TRG,,,1944239 REAL 3/31/94 20 42 0 10/17/92 00 00 0 10/13/92 
28 FEE 94,,, TRG 3419774 REAL 3/31/94 20 42 0 9129193 00 00 00 9123193 

V ,01 FEE 92 , TRG, 1079755 REAL 3/31194 20 42 0 512191 00 00 00 , 4130191 



‘25 AUG 93,, ,TRG 2336074 
17 JUL 92, , TRG ,1378900 
01 FEE 92, TRG ,1079418 
11 SEP 93 ,,,,TRG, ,2521608 
24 AUG 92,. ,TRG ,.1452171 

V 

I :  
V 

REAL 3/31/94 20 42 0 3/6/93 00 00 00 3/2/93 
REAL 3131194 20 42 0 4/16/92 00 00 00 4/13/92 
REAL 3131194 20 42 0 519191 00 00 00 51619 1 
REAL 3/31/94 20 42 0 4/19/93 00 00 00 4/14/93 
REAL 3/3 1/94 20 42 0 5/4/92 00 00 00 4/28/92 

I v  

I 

,,,,,TRG,,,lO79775 REAL 3131194 20 42 0 7119191 00 00 00 711 7/91 
05 OCT 93 ,,,,, TRG,,,2611788 REAL 3/31/94 20 42 0 4/27/93 00 00 00 4/20/93 

I 

I v  

I 

V 16 MAR 94,,,, TRG ,164766 REAL 3131194 20 42 0 2127192 00 00 00 2121192 
V 06 JAN 94 TRG,, 2862052 REAL 3/31/94 2042 0 9/21/93 00 00 00 9/16/93 

05 OCT 93, TRG,, 2615849 REAL 3131194 20 42 0 5/17/93 00 00 00 511 1193 
I .  .TR1 ..3527530 REAL 3131194 20 42 0 11113193 00 00 0 1 1 /E193 Y 

I 

V 

V 

19 OCT 93 ,,,, TRG,,,2814569 REAL 3/31/94 20 42 0 8/17/93 00 00 00 8/13/93 
,,, ,TRG,,,l520322 REAL 3/31/94 20 42 0 6/23/92 00 00 00 611 1/92 
06 JUL 93.. ..TRG ..2222130 REAL 3131194 20 42 0 2123193 00 00 00 2118193 

V 
V 
V 
V 

08 JUL 92,, TRG,,,1272245 REAL 3/31/94 20 42 0 3123192 00 00 00 311,7192 
16 MAR 94,,,, TRG ,,1919246 REAL 3/31/94 20 42 0 ,10113/92 00 00 0 10l9192 
01 APR 92 ,,,,, TRG,,,1131285 REAL 3/31/94 20 42 0 12l27/91 00 00 0 12/20/91 
20 NOV 92. ... TRG ... 1586379 REAL 3131194 20 42 0 7127192 00 00 00 7122192 

I Y  I TRl  3578869 IREAL 1313119420420 ~1211319300000 I 12/9/931 I 

Y 
V 

V 125 AUG 93 ,TRG, 2294789 /REAL /3131194 20 42 o 13122193 00 oo 00 1 31171931 
V IO7 APR 93 ..... TRG ... 1997959 (REAL 13131194 20 42 0 11112419200 00 0 1 11/18/92/ 

, ,,,TRG,, 3643612 REAL 3131194 20 42 0 2/21/94 00 00 00 2116194 
10 MAR 94 , TR1 3467809 REAL 3/31/94 20 42 0 9/24/93 00 00 00 9120/93 

(I 

Y 1 TRG 3687540 REAL 
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313 1 I94 20 42 0 3/9/94 00 00 00 3/3/94 



TSSSL DBF 

V 16 MAR 94,,,,,TRG,,,7133 
,,,TRG,, 1078940 

I 
I 
I 
I 
1 
I 
I 
I 
' I  
I 
I 
I 
I 
I 
I 
I 
I 

c 

REAL 3/31/94 20 42 0 1120192 00 00 00 1/16/92 
REAL 3/31/94 2042 0 3/12/91 00 00 00 31419 1 

IV 101 MAR 94 ,TRG...3427301 IREAL 13131194 20 42 o 11119193 oo oo oo I 1 113193 I 1 

Y 
'V 

IV 
'V 

24 AUG 92, ,TRG,,,1450670 REAL 3/31/94 20 42 0 4/22/92 00 00 00 4/20/92 
06 JUL 93 , TRG, 2260564 REAL 3/31/94 20 42 0 2/25/93 00 00 00 2/19/93 
16 MAR 94, ,TAG ,,1919700 REAL 3/31/94 20 42 0 10/13/92 00 00 0 10/9/92 
29 MAY 92. TRG ..1356416 REAL 3/31/94 20 42 0 7119191 00 00 00 71 1 719 1 

V 
V 
~V 
,v 
V 

01 FEB 92 ,,,,, TRG,,,1079690 REAL 3131194 20 42 0 4/25/91 00 00 00 4/22/91 
03 MAR 94 ,,,,, TRG,,,2461862 REAL 3131194 20 42 0 4113193 00 00 00 4/9/93 
20 NOV 92,,, TRG ,1587773 REAL 3/31/94 20 42 0 7/29/92 00 00 00 7/22/92 
01 FEB 92 ,,,TRG,,,l122341 REAL 3131194 20 42 0 10/14/91 00 00 0 1019191 
10 MAR 94 ,,,TR1,,,3458175 REAL 3/31/94 20 42 0 8/13/93 00 00 00 811 1/93 
,,,,, TRG, ,1079 133 REAL 3l3119420420 7/18/91 000000 ~ 7/15/91 
. ... TRG ... 1079700 REAL 3131194 20 42 0 3121191 00 00 00 311 1191 

V 
V 

03MAR94  TRG 2461861 

22 FEB 94, ,,,TRG,,,3384679 

16 MAR 94, TRG ,,1921813 REAL 3/31/94 20 42 0 \10/13192 00 00 0 1017192 1 
01 FEB92 , TRG, 1079781 REAL 3/31/94 20 42 0 (4125191 00 00 00 4/23/91 1 

V 101 FEB 92, TRG ,1125639 (REAL 131~119420420 Iii1719i oooooo I io13ii9il I 
V 
V 

, 
17 JUL 92,,, ,TRG 1381487 REAL 3/31/94 20 42 0 4/22/92 00 00 00 4116192 
03 MAR 94 ,,,,, TRG,,,2461871 REA1 3/31/94 20 42 0 4/13/93 00 00 00 4/8/93 

JA 129 MAY 92.13 .... TRG ... 1734727 IREAL 13131194 20 42 0 13119191 00 00 00 1 3112191 I I 
Y ,, TRG,,,3658662 
V 08 JUL 92,,,,,TRG,,,89304 

REAL 313119420 42 0 1125194 00 00 00 1120194 
REAL 3/31194 20 42 0 2/10/92 00 00 00 2/7/92 

V 122 NOV 92.... TRG...1555935 !REAL 13131194 20 42 0 17116192 00 00 00 I 71141921 I 
V 24 AUG 92,, , TRG ,,1452406 REAL 3/31/94 20 42 0 
V 19 OCT 93, TRG ,,2795425 REAL 3131194 20 42 0 

4/27/92 00 00 00 4121192 
8/17/93 00 00 00 8112193 

V 101 FEB 92 ...., TRG...1125641 IREAL 13131194 20 42 o 11117191 00 00 00 I 10131191 I I 
V 
V 
V 
JA 

01 MAR 94, TRG,,,3427310 REAL 3131194 20 42 0 1119193 00 00 00 11/5/93 
30 JUL 93 ,, TRG,, 2267195 REAL 3131194 20 42 0 216193 00 00 00 212193 
04 MAR 93 ,,,,, TRG ,,I944461 REAL 3/31/94 20 42 0 10/9/92 00 00 00 10/6/92 
29 MAY 92,13,,,,TRG.,.1773079 REAL 3131194 20 42 0 3119191 00 00 00 3112191 
,,,,,TRG,,,2486829 
,,,,TRG,,,1079102 

V I24 AUG 92 .,.,. TRG. ..1450685 IREAL 13131194 20 42 o 14127192 oo 00 00 I 41231921 I 

REAL 3/31/94 20 42 0 4/19/93 00 00 00 4/16/93 
REAL 3/31/94 20 42 0 7/18/91 00 00 00 7/16/91 

V 

. . . . . . . . . .  . .  . .  

,TRG 1079288 REAL 3/31/94 20 42 0 7/18/91 00 00 00 7/16/91 
20 NOV 92 ,,,, TRG,,,l579683 REAL 3/31/94 20 42 0 7/21/92 00 00 00 7116192 
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V 
V 
V 

01 FEB 92 ,, TRG 1125642 REAL 3/31/94 20 42 0 1117191 00 00 00 10/31191 
16 MAR 94, TRG 164777 REAL 3131194 20 42 0 2127192 00 00 00 2/22/92 
0 4 M A R 9 3  TRG 1944451 REAL 313 1 I94 20 42 0 1019192 00 00 00 1016192 



TSSSL DBF 

V 
V 
V 

I ,, ,,TRG,, 1079726 REAL 3131194 20 42 0 7/15/91 00 00 00 7110191 
19 OCT 93 ,,TRG 2808750 REAL 3/31/94 20 42 0 8/3/93 00 00 00 7/28/93 
01 FEB 92 ,,,, TRG,,,1122056 REAL 3/31/94 20 42 0 10/14/91 00 00 0 lOl8I9l 
11 SEP93 TRG 2484807 REAL 3131194 20 42 o 4 1 m 3  oo oo oa 4\23/93 

I 
V 20 NOV 92 ,,,, TRG,,,l579680 REAL 3/31/94 20 42 0 
V 16 MAR 94, ,TRG, ,5153 REAL 3/31/94 20 42 0 

I 

7/21/92 00 00 00 7/15/92 
1114192 00 00 00 1110192 

I 
I 

___ V 114 MAR 94 TR l  ,3520780 IREAL 
V j 14 MAR 94,, TR1, ,3520781 [REAL 

313119420420 /11/2019300000 11/16/93 
3/31/94 20 42 0 11 1120193 00 00 0 11/16/93 

IV 116MAR94, TRG ,5167 IREAL 13131194 2042 0 1112Ol92 00 00 00 I 11141921 I 
16MAR94 TRG 1919371 REAL 3131194 20 42 0 10113192 00 00 0 1018192 
,, , TRG, 3619658 REAL 3131194 20 42 0 1/25/94 00 00 00 1120194 

IJA 105 OCT 93.1 .TRG ..2611947 IREAL 13131194 20 42u 14i27193 00 oo oo I 41191931 I . . .. . .  . .  - 
22 FEB 94 ,, TRG,,,3384682 REAL 3/31 I94 20 42 0 10125193 00 00 0 10120193 I 
30 JUL 93 ,,,,, TRG,,,2267205 REAL 3/31/94 20 42 0 2/6/93 00 00 00 2/2/93 I 

I V  122 FEE 94 ,,,,, TRG,,.3384674 MEAL 13/31/94 20 42 0 110120193 00 00 0 I 101151931 I 
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I 

1 

EMAD 
EMAD 
GW PPMON 
EMAD 
EMAD 

TOTAL DISSOLVED SOLIDS BY WELL NUMBER 

0486 GW017631T WQPL TOTAL DISSOLVED SOLIDS 370 00 10 00 MG/L 
0486 GW026131T WQPL TOTAL DISSOLVED SOtIDS 400 00 10 00 MGIL 
0486 GW038071T WQPL TOTAL DISSOLVED SOLIDS 410 00 14 00 MGlL 
0486 GW020271T WQPL TOTAL DISSOLVED SOLIDS 440 00 10 00 MG/L 
0486 GW029571T WQPL TOTAL DISSOLVED SOLIDS 510 00 5 00 MGlL 

ILOCATION~FIELOIO IMETHOD IANALYTE IRESULT IREP LIM /UNITSIQUAL LA I 

EMAD 
GW PPMON 
EMAD 
EMAD 

165 i 76292 GWOO533WC WQPL TOTAL DISSOLVED SOLIDS 380 00 14 00 MG/L 
165 ] 76292 GWOO467WC WQPL TOTAL DISSOLVED SOLIDS 430 00 1400 MG/L 
143 177492 GWOO534WC WQPL TOTAL DISSOLVED SOLIDS 740 00 1400 MGlL 

0586 GW026701T WQPL TOTAL DISSOLVED SOLIDS 4300 00 10 00 MGIL 
0586 GWOO549WC WQPL TOTAL DISSOLVED SOLIDS 4700 00 14 00 MG/L 
0586 GW015381T WQPL TOTAL DtSSOLVED SOLIDS 5100 00 1000 MGIL 
0686 GW026711T WQPL TOTAL DISSOLVED SOUOS 1900 00 10 00 MGlL 

143 77492 GWOO469WC WQPL TOTAL DISSOLVED SOLIDS 760 00 14 00 MG/L 
EMAD 02691 GW028561T WQPL TOTAL DISSOLVED SOLIDS 330 00 10 00 MG/L 
GW PPMON 02691 GWD1218WC WQPL TOTAL DISSOLVED SOLIDS 396 00 14 00 MGIL 
GW PPMON 02691 GWO163OWC WQPL TOTAL DISSOLVED SOLIDS 440 00 1000 MG/L 

EMAD 
GW PPMON 
EMAD 
GW PPMON 

EMAD 02691 GW025131T WQPL TOTAL DISSOLVED SOLIDS 440 00 10 00 MG/L 
GW PPMON 02691 GWOO693WC WQPL TOTAL DISSOLVED SOLIDS 440 00 14 00 MG/L 
GW PPMON 02691 GWOO26OWC WQPL TOTAL DISSOLVED SOLIDS 450 00 14 00 MG/L 
EMAD ,02691 GW021721T IWQPL TOTAL DISSOLVED SOLIDS I 45000 10 00 MGlL 

0686 GW031501T WQPL TOTAL DISSOLVED SOLIDS 3600 00 1000 MG/L 
1186 GW009981T WQPL TOTAL DISSOLVED SOLIDS 490 00 10 00 MG/L 
1186 GW026691T WQPL TOTAL DISSOLVED SOLIDS 500 00 10 00 MGIL 
1186 GW012251T WQPL TOTAL DISSOLVED SOLIDS 510 00 10 00 MG/L 

GW PPMON 02691 IGW038261T WQPL TOTAL DISSOLVED SOLIDS I 470 00 10 00 MG/L 
EMAO 02691 GW032151T WQPL TOTAL DISSOLVED SOLIDS 500 00 10 00 MG/L 
GW PPMON 10486 GW033911T WQPL TOTAL DISSOLVED SOLIDS 350 00 1400 MGIL i 

EMAD 
EMAO 

1186 )GWO19021T WQPL TOTALDISSOLVED SOLIDS I 56000 IOOO~MGIL ~ 

1186 lGW031521T WQPL TOTAL DISSOLVED SOLIDS 1 58000 ~ O O O ~ M G I L  j 

1 # EMAD 1386 G W O ~ ~ ~ ~ I T  waPL TOTAL DISSOLVED SOLIDS 710 00 1000 MGIL 
'EMAD 1386 GW018801T WQPL TOTAL DISSOLVED SOLIDS 720 00 10 00 MG/L 

EMAD 1186 GW022421T WQPL TOTAL DISSOLVED SOLIOS 520 00 10 00 MGIL 
GW PPMON 1186 GW036181T WQPL TOTAL DISSOLVED SOLIDS 530 00 1400 MGIL 
EMAD 1186 - GW015391T WQPL TOTAL DlSSULVED SOLIDS 560 00 10 00 MG/L 

GW PPMON 1386 GWOO562WC WQPL TOTAL DISSOLVED SOLIDS 740 00 1400 MG/L 
GW PPMON 1386 GWO1421WC WQPL TOTAL DISSOLVED SOLIDS 751 00 1400 MGIL I EMAD 1386 GW032321T WQPL TOTAL DISSOLVED SOLIDS 760 00 10 00 MG/L 
GW PPMON 1386 GWOl132WC WQPL TOTAL DISSOLVE0 SOLIDS 770 00 10 00 MGIL 
EMAO ! 1386 GWO14821T ,WQPL TOTAL DISSOLVED SOLIDS 770 00 10 00 MGIL 

I 

IEMAD 11286 /GW026771T IWQPL ITOTAL DISSOLVED SOLIDS i 1oooooi IOOO/MG/L i I 
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GW PPMON 
EMAD 

I 
I 1386 GWOO145WC WQPL (TOTAL DISSOLVED SOLIDS 780 00 I 1400  MGlL 

1586 GW022401T WQPL [TOTAL DISSOLVED SOLIDS 1000 00 I 1000  MGIL 

GW PPMON 1586 GWOO136WC WQPL 
GW PPMON 1586 GWO1125WC WQPL 

GW PPMON 11586 IGWOl1201T IWQPL [TOTAL DISSOLVED SOLIDS I 1000001 IOOO~MGIL I 
TOTAL OISSOLVED SOLIDS [ 100000 1000 MGIL 
TOTAL DISSOLVED SOLIDS 1 109700 1400 MG/L 

'GW PPMON 
GW PPMON 

'GW PPMON 11586 IGW009041T IWQPL ITOTAL DISSOLVED SOLIDS I 110000l IOOOIMG~L I 
1586 GWO1415WC WQPL TOTAL DISSOLVED SOLIDS 110000 10 00 MG/L 
1586 GWOO555WC WQPL TOTAL DISSOLVED SOLIDS 110000 1400 MGlL 

EMAD 1586 GWOl8821T 
EMAD 1586 GW026761T 
EMAD 1586 GW031821T 

GW PPMON 11586 lGW036271T IWQPL ITOTAL DISSOLVED SOLIDS I 110000l IOOOIMG~L I 
WQPL TOTAL DISSOLVED SOLIDS 1100 00 1000 MGlL 
WQPL TOTAL DISSOLVED SOLIDS 1100 00 10 00 MG/L 
WQPL TOTAL DISSOLVED SOLIDS 1200 00 1000 MG/L 

EMAD 
EMAD 
GW PPMON 
EMAD 

1586 GW015091T WQPL TOTAL DISSOLVED SOLIDS 1200 00 10 00 MGlL 
1786 GW026401T WQPL TOTAL DISSOLVED SOLIDS 3700 00 10 00 MG/L 
1786 GWO1416WC WOPL TOTAL DISSOLVED SOLIDS 3900 00 'TO 00 MG/L 
1786 GW018781T WQPL TOTAL DISSOLVED SOLIDS 4100 00 10 00 MGlL 

GW PPMON 
GW PPMON 
GW PPMON 
123456 11786 ~GW009051T IWQPL \TOTAL DISSOLVED SOLIDS I 4420 001 IMG/L I 

1786 GWOl127WC WQPL TOTAL DISSOLVED SOLIDS 4331 00 1400 MG/L 
1786 GW036301T WQPL TOTAL DISSOLVED SOLIDS 4360 00 10 00 MGlL 
1786 GWOO138WC WQPL TOTAL DISSOLVED SOLIDS 4400 00 1400 MG/L 

GW PPMON 11786 
EMAD 11786 
EMAD 11786 lGWO14741T IWQPL ITOTAL DISSOLVED SOLIDS 1 5000 001 IOOOIMGIL I 

GWOO557WC WQPL TOTAL DISSOLVED SOLIDS 4600 00 1000 MGlL 1 
GW031901T WQPL TOTAL DISSOLVED SOLIDS 4900 00 1000 MGIL 1 

123456 
GW PPMON 

1786 GWOl 1 16lT WQPL TOTAL DISSOLVED SOLIDS 5000 00 1000 MGIL 1 
3586 GWOO262WC WQPL TOTAL DISSOLVED SOLIDS 810 00 1000 MGlL I 

EMAD 
123456 

3786 GWO15211T WQPL TOTAL DISSOLVED SOLIDS 2100 00 10 00 MG/L 
3786 GW009951T WQPL TOTAL DISSOLVED SOLIDS 2200 00 10 00 MGlL 

EMAD 13886 lGWO12241T IWQPL ]TOTAL DISSOLVED SOLIDS 1 140000) IOOO~MGIL I 

GW PPMON 
EMAD 
GW PPMON 
GW PPMON 
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3786 GW00155GA , ~WQPL TOTAL DISSOLVED SOLIDS i 220000 10 00 MGlL 
3786 GW026561T WQPL TOTAL DISSOLVED SOLIDS ' 2300 00 10 00 MG/L 
3786 GWO1685WC WQPL TOTAL DISSOLVED SOLIDS 2300 00 1000 MGlL 
3786 GWO1362WC WQPL TOTAL DISSOLVED SOLIDS 2400 00 10 00 MGlL 

GW PPMON 
GW PPMON 

3786 GW032331T WQPL TOTAL DISSOLVED SOLIDS 2450 00 10 00 MG/L 
3786 GW036411T WOPL TOTAL DISSOLVED SOLIDS 2500 00 1400 MGlL 
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IGW PPMON 13886 IGWOO128WC IWQPL !TOTAL DISSOLVED SOLIDS I 1600001 1400~MGlL  1 I 

I 

,EMAD 3886 GW026571T WQPL TOTAL DISSOLVED SOLIDS 1600 00 i o  O O ~ M G ~ L  
IGW PPMON 3886 GWOO552WC WQPL TOTAL DISSOLVED SOLIDS 1900 00 14 001MGlL 

I 
1 
I 

IGW PPMON I4087 IGWOO501WC IWQPL \TOTAL DISSOLVED SOLIDS I 850001 14OO\MGlL I I 
IEMAD 4087 GW027901T WQPL TOTAL DISSOLVED SOLIDS 1000 00 10 00 MGlL 
IEMAO 4087 GW023131T WQPL TOTAL DISSOLVED SOLIDS 1000 00 10 00 MG/L 
I EMAD 4087 GWOl5291T WQPL TOTAL DISSOLVED SOLIDS 1400 00 1000 MGlL 

GW PPMON 
1GW PPMON 
[EMAD 
IGW PPMON 
1GW PPMON 

41691 GW033961T WQPL TOTAL DISSOLVED SOLIDS 528 00 10 00 MGlL 
41691 GWOlOlOWC WQPL TOTAL DISSOLVED SOLIDS 540 00 10 00 MGlL 
41691 GW029531T WQPL  TOTAL DISSOLVED SOLIDS 560 00 5 00 MGlL 
41691 GW00275GA WQPL TOTAL DISSOLVED SOLIDS 560 00 1000 MGlL 
41691 GW00291GA ~WQPL TOTAL DISSOLVED SOLIDS 640 00 10 00 MGlL 

IEMAD 
IGW PPMON 

I 

4169F GW026151T WQPL TOTAL DISSOLVED SOLIDS 680 00 10 00 MGlL 
41691 GW00290GA WQPL TOTAL DISSOLVED SOLIDS 830 00 10 00 MG/L 

IGW PPMON !7087 IGWO1117WC IWQPL ITOTAL DISSOLVED SOLIDS I 527001 14OOlMGll I I 
IGW PPMON 17087 GW036081T WQPL TOTAL DISSOLVED SOLIDS 550 001 1400 MGIL 
EMAD 17187 GW022791T WQPL TOTAL DISSOLVED SOLIDS 235 001 1000 MGIL ! 
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123456 
EMAD 
GW PPMON 
GW PPMON 

I 
t 
m 
I 

7187 GW011831T WQPL TOTAL DISSOLVED SOLIDS 270 00 1000  MGIL 
7187 GW026811T WQPL TOTAL DISSOLVED SOLIDS 275 00 10 00 MGIL 
7187 GWO1434WC WQPL TOTAL DISSOLVED SOLIDS 275 00 10 00 MGll 
7187 GWO1094WC WQPL TOTAL DISSOLVED SOLIDS 281 50 1400 MGIL 

8-  
I 
I 

GW PPMON 
GW PPMON 

GW PPMON 7187 GWOOO91WC WQPL TOTAL DISSOLVED SOLIDS 255 00 10 00 MGIL 
123456 7187 GW009031T WQPL TOTAL DISSOLVED SOLIDS 260 00 1000 MGlL 
GW PPMON 7187 GWOO502WC WQPL TOTAL DISSOLVED SOLIDS 260 00 10 00 MGlL 

8206489 GWOO522WC WQPL TOTAL DISSOLVED SOLlDS 330 00 1000 MGlL 
8206489 GWOOl16WC WQPL TOTAL DISSOLVED SOLIDS 340 00 1400 MGlL 

EMAD 
GW PPMON 
GW PPMON 
EMAD 
GW PPMON 

L 

8206589 GW02311IT WOPL TOTAL DtSSOLVED SOLIDS 560 00 10 00 MGIL 
8206589 GWO1406WC WQPL TOTAL DISSOLVED SOLIDS 560 00 10 00 MGIL 
8206589 GW00038GA WQPL TOTAL DISSOLVED SOLIDS 560 00 1000 MGlL 
8206589 GWO3091 IT WQPL TOTAL RISSOLVED SOLIDS 560 00 1000 MGIL 
8206589 GW036091T WQPL TOTAL DISSOLVED SOLIDS 570 00 1400 MG/L 

EW-PPMON 17287 lGW036041T I WQPL (TOTAL DISSOLVEO SOLIDS 1 380001 IOOOIMG~L I I 

EMAD 8206589 (GW027211T 
GW PPMON 8206589 lGWOOl18WC 

GW PPMON 7287 GWO1391WC WQPL TOTAL DISSOLVED SOLIDS 380 00 10 00 MGIL 
EMAD 7287 GW027831T WQPL TOTAL DISSOLVED SOLIDS 400 00 10 00 MGIL 
123456 8206489 GW009561T WQPL TOTAL DISSOLVED SOLIDS 308 00 1000 MGIL 
EMAD 8206489 GW023101T WQPL TOTAL DiSSOLVED SOLIDS 320 00 1000 MGIL 

WQPL TOTAL DISSOLVED SOLIDS 580 00 1000 MGIL 
WQPL TOTAL DISSOLVED SOLIDS 580 00 1400 MGIL 
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GW PPMON 
EMAD 
EMAD 
EMAD 

8206889 GWOO527WC WQPL TOTAL DISSOLVED SOLIDS 3700 00 10 00 MGlL 
8208089 GW026351T WQPL TOTAL DISSOLVED SOLIDS 510 00 1000 MGIL 
8208089 GWO182OIT WQPL TOTAL DISSOLVED SOLIDS 550 00 10 00 MGIL 
8208089 GW031331T WQPL TOTAL DISSOLVED SOLIDS 550 00 10 00 MG/L 

GW PPMON 8208089 GWOO558WC WQPL TOTAL DISSOLVED SOLIDS 600 00 1000 MGIL 
EMAD 8208089 GW021971T WQPL TOTAL DISSOLVED SOLIDS 610 00 1000 MGIL 
GW PPMON 8208089 GW036321T WQPL TOTAL DISSOLVED SOLIDS 620 00 14 00 MGIL 

GW PPMON 
EMAD 
EMAD 
GW PPMON 

8208789 GW036231T WQPL TOTAL DISSOLVED SOLIDS 930 00 1400 MGIL 
8208789 GW031321T WQPL TOTAL DISSOLVED SOLIDS 1000 00 1000 MGIL 
8210489 GW026551T WQPL TOTAL DISSOLVED SOLlDS 2600 00 1000 MGIL 
8210489 GWOO637WC WQPL TOTAL DISSOLVED SOLIDS 1 400000 1400 MGIL 

GW PPMON 
GW PPMON 
GW PPMON 
EMAD 

8210489 GW00045GA WQPL TOTAL DISSOLVED SOLIDS 4400 00 1000 MGIL 
8210489 GWO1131WC WQPL TOTAL DISSOLVED SOttDS 451 6 00 1400 MGIL 
8210489 GWOO144WC WOPL TOTAL DISSOLVED SOLIDS 4600 00 1400 MGIL 
82 10489 GW022281T WQPL TOTAL DISSOLVED SOLIDS 4600 00 1000 MGIL 

IEMAD ~~ ~ 18210489 lGW018831T IWQPL JTOTAL DISSOLVED SOElDS 1 4900001 IOOOIMGIL I I 

GW PPMON 
EMAD 

8210489 GWO142OWC WQPL TOTAL DISSOLVED SOLIDS 4700 00 1000 MGlL 
8210489 GW031851T WQPL TOTAL DISSOLVED SOLIDS 4800 00 10 00 MGlL 

GW PPMON 
GW PPMON 
GW PPMON 
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P209789 'GWOO493WC WQPL TOTAL DISSOLVED SOLIDS 1000 00 1400 MGIL 
P209789 GW035511T WQPL TOTAL DISSOLVED SOLIDS 1030 00 1000 MGll 
P209789 GWO1379WC WQPL TOTAL DISSOLVED SOLIDS 1100 00 1000 MGlL 

GW PPMON 
GW PPMON 

P218389 GWO1522WC IWQPL TOTAL DISSOLVED SOLIDS I 40500 1400)MGlL I 
P219489 GWO1523WC IWQPL TOTAL DISSOLVED SOLIDS 1 50900 1400)MGlL 1 
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[V,,,,,,,,,05 OCT 93, 261183 
I V ,  25AUG93 242935 
V ,, ,050CT93 261184 
V , 25AUG93. 242936 

__- - 

IauAL W(CHEM COMME IQAQCTYP (DATE LOADE IDATE ANALY (DATE SAINl6 I 
TRG 11/2/93 08 59 2 4/21/93 
TRG 11/2/93 08 59 2 3/22/93 
TRG 11/2/93 08 59 2 412 1 193 
TRG 11/2/93 08 59 2 I 3/22/93 

V 118 SEP 92 ,,TRG,,,1494306 
V 110 MAR 94 ,,TR1,,,3468301 

REAL 3/31/94 20 42 0 5/19/92 00 00 00 5/14/92 
REAL 3/31/94 20 42 0 9/6/93 00 00 00 8130193 

Iv  114 MAR 94 TRG 3496497 I REAL 1313 1194 20 42 0 I 1216193 00 00 00 I 1 1130193 I I 
V 108 JUL 92 ,,,,, TRG,,,168816 ]REAL (3131194 20 42 o 
JA 105 OCT 93,1,,,, TRG,,,2615638 /REAL 13/31/94 2042 o 

3/3/92 00 00 oo [ 2/27/92 1 
5/12/93 00 00 00 I 5/4/93 1 

V 
V 
V 
V 

11 AUG 93 ,,,,, TRG,,,2335933 REAL 3/31/94 20 42 0 311193 00 00 00 2/22/93 
01 APR 92,, ,,TRG,,,1131265 REAL 3/31/94 20 42 0 12/23/91 00 00 0 12/19/91 
04 MAR 93 ,,,,, TRG,,,l897527 REAL 3/31/94 20 42 0 1 111219200 00 0 ,11/9192 
16 MAR 94 .... TRG ,1720720 REAL 3/31/94 20 42 0 816192 00 00 00 8/3/92 

V 
V 
V 

Iv l l6MAR94 TRG. 7118 [REAL 13131194 20 42 0 11123192 00 00 00 1 1121192~ I 

16 MAR 94, ,,,TRG,, 1873336 REAL 3/31/94 20 42 0 9/22/92 00 00 00 9/15/92 
01 FEB 92 ,, ,TRG, 1073606 REAL 3/31/94 20 42 0 6124191 00 00 00 6/20/91 
01 FEE92 . TRG 1101801 REAL 3131194 20 42 0 9117191 00 00 00 9112191 

. .  
V 117 JUL 92 ,TRG,, 1378887 REAL 3/31/94 20 42 0 
V 101 FEB 92 ,,,,TRG ,,lo73899 REAL 3/31\94 2Q 42 0 

4/20/92 00 00 00 4114192 
5/7/91 00 00 00 5/2/91 - 

1 

V 04 MAR 93 ,,TRG,,,1944373 REAL 3/31/94 20 42tl 10/12/92 00 00 0 10/7/92 
V 29 MAY 92 ,",, TRG,,,1356395 REAL 3131194 20-42 0 7/24/91 00 00 00 7/19/91 
V 
V 
V 
V 
V 

01 FEB 92 ,,,,, TRG,,,1123159 REAL 3137194 20 42 0 10122/91 00 00 0 10/15/91 
20 N O V  92 ,,,TRG,, 1579658 REAL 3/31/94 20 42 0 7/21/92 00 00 00 7114192 
17 JUL 92,, TRG ,,1378892 4EAL 3/31/94 20 42 0 4120192 00 00 00 4/15/92 
20 N O V  92,, ,,TRG,,,1579652 REAL. 3/31/94 20 42 0 7/16/92 00 00 00 7/13/92 
16 MAR 94 ,,,,TRG 7119 REAL 3/31/94 20 42 0 1/23/92 00 00 00 1120/92 

V 104 MAR 93, ,,,TRG,,,l944290 REAL 3/31/94 20 42 0 10/19/92 00 00 0 1Ol13192 
V 117 JUL 92,,, TRG 1378889 REAL 3/31/94 20 42 0 4/20/92 00 00 00 4/15/92 

(I 

V 101 FEE 92, ,,TRG,,,1074075 
' ,, TRG, 1074072 

Y , TRG ,3619678 
V 16 MAR 94,,,,,TRG,,,5142 
V 01 FEE 92 ..... TRG...1124519 
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REAL 3/31/94 20 42 0 14/29/91 00 00 00 4/24/91 
REAL 3/31/94 20 42 0 3/21/91 00 00 00 3/15/91 
REAL 3131194 20 42 0 1/25/94 00 00 00 1/20194 
REAL 3/31/94 20 42 0 1/20/92 00 00 00 1/14192 
REAL 3/31/94 20 42 0 10124191 00 00 0 10122191 . . . . . . . . 

V 11 SEP 93, TRG ,,2521636 
V 10 MAR 94, ,,,TR1 ,,3470159 

. .  . .  . .  

REAL 3/31/94 20 42 0 4/20/93 00 00 00 4/13/93 
REAL 3131194 20 42 0 10131193 00 00 0 10128/93 

V 
V 

20 NOV  92 ,,,,, TRG,, 171 6667 REAL 3/31/94 20 42 0 814192 00 00 00 7130192 
19OCT93 TRG 2795403 REAL 3/31/94 20 42 0 8/6/93 00 00 00 8/4/93 

TRG, 1074109 REAL 3/31/94 20 42 0 7118191 00 00 00 7/16/91 
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V 30JUL93 TRG 2267169 
V 16 MAR 94,,,,,TRG,,,7104 
V 01 FEB 92,, ,TRG,,,l072640 
V 06 JUL 93 ,,,,, TRG,,,2216355 
JA 10 MAR 94.1 .... TR1 ... 3457415 

REAL 3/31/94 20 42 0 2/6/93 00 00 00 2/2/93 
REAL 3/31/94 20 42 0 1120192 00 00 00 1/15/92 
REAL 3131194 20 42 0 4122191 00 00 00 4118191 
REAL 3/31/94 20 42 0 211 1/93 00 00 00 2/5/93 
REAL 3/31/94 20 42 0 8110193 00 00 00 8/2/93 

' ,,, TRG,,,1074175 JREAL 13131m 20 42 o 13121191 00 00 00 j 3/14/91 j 
V 101 FEE 92 TRG,,,l122039  REAL j3131194 20 42 o ]10114191 oo oo o j 1018191\ 4 

V 
V 
V 
V 

' 17 JUL 92 ,, TRG ,1376864 
16 MAR 94 ,,,,, TRG,,,1872561 
17 JUL 92 ,,,, TRG,,,1376868 
01 FEE 92 ,,,,, TRG,,,1072797 

REAL 3131194 20 42 0 4113192 00 00 00 ' 417192 
REAL ~3131194 20 42 0 8110192 00 00 00 8/5/92 
REAL .3131194 20 42 0 4113192 00 00 00 4/8/92 
REAL 3/31/94 20 42 0 5/2/91 00 00 00 4/30/91 

V 
V 
V 

IY i TRG ,3529701 /REAL 13/31/94 20 42 0 112/16/93 00 00 0 I 12/13/931 I 

01 FEE 92 , ,TRG,, 1073016 REAL 313 1 194 20 42 0 51219 1 00 00 00 413019 1 
01 FEB 92 ,,,,, TRG ,,I123158 REAL 3/31/94 20 42 0 10/22/91 00 00 0 10/15/91 
29 MAY 92 ,TRG 1356391 REAL 3131194 20 42 0 7/19/91 00 00 00 7/17/91 

..TRG ,1073135 REAL 3131194 20 42 0 3125191 00 00 00 3119191 
Y 
V 

TRG 3640046 REAL 3/31/94 20 42 0 211194 00 00 00 1127194 
17 JUL 92 ,,,, TRG,,,1378883 REAL 3/31/94 20 42 0 4/16/92 00 00 00 4/14/92 
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V 
V 

28 FEE 94 ,,TRG,, 3419761 REAL 3/31/94 20 42 0 9/29/93 00 00 00 9/23/93 
17 FEB 93 ,,,,, TRG, ,1856589 REAL 313119420 42 0 9/21/92 00 00 00 9118192 

V 104 MAR 93 , TRG 1944238 \REAL 
V 101 FEB 92 ,,,,, TRG,,,1072798 ]REAL 

3131194 20 42 0 I10119192 00 00 0 101131921 
3131194 20 42 o )51919i oo 00 00 I 516191) 



V 

- Y 
V 

05 OCT93,,,,,TRG ,,2615847 REAL 3/31/94 20 42 0 5/18/93 00 00 00 5/11/93 
, TRl 3527505 REAL 3/31/94 20 42 0 11/15/93 00 00 0 11/8/93 

01 APR 92 . .TRG. .1131269 REAL 3131194 20 42 0 12/27/91 00 00 0 12120/91 

V 
V 

,,,,,TRG,,,1520294 REAL 313119 
16 MAR 94 ,,,, TRG,,,1919245 REAL 313119 
25 AUG 93 ,,,,, TRG,,,2294770 REAL 3/31/9 

V 
Y 

... ... 

10 MAR 94 ,,,,, TR1,,,3467796 ]REAL 313119 
,, ,TR1,, 3578841 IREAL 313119 

- Y 1, ,,,TRG ,3687543 
Y 1 , ,,TRG 3643607 
V 1 17 FEB 93 ..... TRG ... 1856029 

REAL 313119 
REAL 3M1/9 
REAL 313T19 

V 
V 

16 MAR 94,, ,TRG,,d112 ~ E A L  pi3119 
01 FEB 92 ,, ,TRG 1073562 \REAL 1313119 

V 
Y 

17 SEP 92 ,,,,, TRG,,,1453491 REAL 313119 
,,,,,TRG,,,3619675 REAL 313119 

I 20 42 0 
20 42 0 

I 20 42 0 

7124191 00 00 00 7119191 
2/25/92 00 00 00 212 1/92 
11/7/91 00 00 00 10131191 

I .. . 
V 
V j16MAR94 TRG ,7107 

104 MAR 93 , TRG 1944521 REAL 13/31/94 20 42 0 10110/92 00 00 0 10/6/92 
REAL 13/31/94 20 42 0 1120192 00 00 00 1116192 + 
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(25 AUG 93 ,,,TRG, 2336073 [REAL [ 3131194 20 42 0 13/8/93 00 00 00 [ 3121931 
I1 7 JUL 92 ..TRG 1378880 IREAL 13131194 20 42 0 14/16/92 00 00 00 1 4/131921 

IV IO6 JAN 94 ... TRG ... 2862037 (REAL 13131194 20 42 0 19/21/93 00 00 00 I 9116/93/ I 

' I  
V 108 JUL 92 ... TRG ... 1272220 IREAL 1313119 20 42 0 3/23/92 00 00 00 311 7/92 1 

I 20 42 0 6123192 00 00 00 611 11921 
20420  710114192 00 00 o I 10191921 
20 42 0 13/22/93 00 00 00 I 31171931 v 1 ... TRG ,2687246 ]REAL 1313119 20 42 0 12/23/94 00 00 00 I 211 6/94 1 
20 42 0 19/25/93 00 00 00 I 9120193 I 
2042 0 112114193 00 00 0 1 12191931 

Y 1. .TRG.. 3643606 20 42 0 12/21/94 00 00 00 2116194/ 
20 42 0 11 1/24/92 00.00 0 I 11118/92! 

. . .. 

V 107 APR 93 TRG ,,1997947  REAL 13/31/9 
V I27 APR 92.. TRG. -1 127492 \REAL 1313119 ' 20 42 0 112112191 00 00 0 I 1217191 I 

1 20 42 U 13/9/94 00 00 00 I 3131941 
' 20 42 0 12/21/94 00 00 00 I 21161941 
20 42 0 19121192 00 00 00 1 91161921 I 

V 115 SEP 93 .... TRG ..2719680 /REAL 13/3119 20 42 0 6125193 00 00 00 6122193 1 
I 20 42 0 6123192 00 00 00 6/11/92] 4 ] ,,,,TRG,,,1520295 

Y I .... TRG 3643608 20 42 0 12123194 00 00 00 I 21181941 I 

V 117 JUL 92,,,,TRG ,1317675 (REAL (3131194'2042 0 1417192 00 00 00 I 411192( 
Y /.....TRG...3668466 IREAL fsnr~4 20 42 o 12125194 oo oo 00 I 2121194l ~ . -  . _ -  -. . _ -  - ...I. - , . I -  - - - I I 

tv IO6 JUL 93 ... .TRG...2222111 ]REAL 13/31/94 20 42 0 12/23/93 00 00 00 I 2/17/93] 1 
V I24 AUG 92, ,.,TRG,.,1450651 IREAL 1313119 

V IO5 OCT 93 ..... TRG ... 2615838 20 42 0 15/18/93 00 00 00 1 511 11931 I 
Y 1 .TRl. 3674410 IREAL 1313119 .20420  ~1125/94000000 I 1/18/94) I 

20 42 0 I514192 00 00 00 I 41281921 I 
20420 , .- _. 

I 1 11125194 000000 I 1120194\ I 
V I29 MAY 92. .. TRG ... 1356401 I REAL I313 119 . .. ... 

V 11 6 MAR 94,, , TRG ,,160777 ]REAL (313119 
V 101 FEB 92 ..... TRG ... 1125620 \REAL 1313119 rl V 11 1 SEP 93 , .TRG.. 2521542 \REAL 1313119 t 20 42 0 )4120193 00 00 00 41121931 

I 20 42 0 17129192 00 00 00 I 71231921 
. . .. 

V 120 NOV 92 ,,TRG,, 1586367 \REAL 1313119 
V !10 MAR 94.. .TRl 3458160 (REAL 1313119 4 t 20 42 0 18114193 00 00 00 I 8110193\ I 
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TOSS1 OBF 

V 120 NOV 92,, TRG ,1586365 1 REAL 
V 101 FEB92 TRG 1122322 ]REAL 

I 
I 

313 1/94 20 42 0 17/29/92 00 00 00 1 7/22/92 
3131194 20 42 o j 10114191 00 00 o j 1019/9 1 I 

I 
t 

V 
V 
V 

29 MAY 92 ,,,,, TRG,,,l356393 REAL 3/31\94 20 42 0 7/19/91 00 00 00 7/17/91 
16 MAR 94,,, TRG, ,1919697 REAL 3/31/94 20 42 0 10114192 00 00 0 10/9/92 
25 SEP 92 ,,,,, TRG,, 1552764 REAL 3/31/94 20 42 0 7/13/92 00 00 00 7/7/92 

TRG ,1073427 REAL 3131194 20 42 0 3121191 00 00.00 ' 311 1191 
V 
V 

01 FEB 92 ,,,,, TRG,,,1073428 REAL 3/31/94 20 42 0 4/25/91 00 00 00 I 4/23/91 
10 MAR 94 TRl,,3458158 REAL 3/31/94 20 42 0 8/14/93 00 00 00 1 8/9/93 

Iv 1 16 MAR 94 ,,,TRG ,160768 IREAL 13/31/94 20 42 0 12/25/92 00 00 00 1 21201921 I 
V 
V 

03 MAR 94,, ,TRG, 2461838 REAL 3/31/94 20 42 0 4/13/93 00 00 00 4/8/93 
30 JUL 93 , TRG, 2267136 REAL 3/31/94 20 42 0 2/6/93 00 00 00 2/1/93 
.... TRG ... 1073585 REAL 3/31/94 2042 0 7/18/91 00 00 00 7/15/91 . . ... . .  ~ - . .  . .  

Iv 116 MAR 94.. TRG,,,1921812 IREAL 13/31/94 20 42 o I i om12  00 oo o I 1017192 I 1 
V 
V 

22 FEB 94 ,,,,, TRG,,,3384662 
24 AUG 92,,,, TRG ,1450665 

I 

REAL 3/31/94 20 42 0 10/20/93 00 00 0 10/13/93 
REAL 3/31/94 20 42 0 4130192 00 00 00 4/23/92 

V 
V 
V 
V 
V 

29 MAY 92 ,,,,, TRG,,,l734726 REAL 3/31/94 2042 0 3/19\91 0000 00 3/12/91 
16 MAR 94,,,,,TRG,,,160769 REAL 3j31kl4 20 42 0 2/25/92 00 OD 00 2/20/92 
03 MAR 94 ,,,,, TRG,,,2461848 REAL 3/31/94 20 42 0 4113193 00 00 00 4/8/93 
30 JUL 93,,, ,TRG, 2267179 REAL 3/31/94 20 429 2/6/93 00 00 00 2/2/93 
0 1 FEB 92 ,,,,, TRG, ,112562 1 REAL 3/31/94 2042 0 11/7/91 00 00 00 10131191 

Iv I17 JUL 92 ..., TRG., 1381465 [REAL 13/31/94 20 42 0 (4122192 00 00 00 1 41161921 I 

, ,TRG,,,1073607 REAL 3/31/9420 42 0 7/18/91 00 00 00 7/16/91 
c V 20 N O V  92, TRG 1711830 REAt 3131194 20 42 0 814192 00 00 00 7/30/92 

V 129 MAY 92 ,TRG , 1773080 
V 101 FEB 92 ,,,7TRG,,,l 125623 
Iv 108 JUL 92.... TRG ... 89280 1 REAL 13/31/94 20 42 0 12110192 00 00 00 I 217192 I I 

REAL 3/31/94 20 42 o 3/19/91 ao 00 oa I 3/12/91 
REAL 3131194 20 42 0 11/7/91 00 00 00 1 10131191 

. . . . . . . 

V 01 MAR 94,,, ,TRG,,,3427289 
Y ,,,,TRG,,,3619681 
V 122 N O V  92 ,,,,, TRG,,,1555915 ]REAL 13131/94 20 42 0 17/16/92 0000 00 I 7/14/92] 
V 104 MAR 93 ..... TRG. 1944460 IREAL 13131194 20 42 0 ~10110192 00 00 0 I 1016192 I I 

. .  . .  . .  

REAL 3/31/94 20 42 0 11/9/93 00 00 00 11/5/93 
REAL 3131194 20 42 0 1/25/94 00 00 00 1/20/94 

V 
V 

124 AUG 92 ,,,TAG, 1450657 
130 JUL 93 ,,,,, TRG,,,2267194 

Iv 119 OCT 93, TRG 2795410 \REAL 13131194 20 42 0 18117193 00 00 00 I 81121931 I 

I 

REAL 3131194 20 42 0 4/27/92 00 00 00 4121192 
REAL 3/31/94 20 42 0 2/6/93 00 00 00 2/2/93 * 

,,,TRG ,,2486676 
,TRG, 1072844 
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REAL 3131194 20 42 0 4/19/93 00 00 00 4116193 
REAL 3/31/94 20 42 0 7118191 00 00 00 7/16/91 



TOSSL DBF 

V ,16 MAR 94 TRG ,164757 REAL 3/31/94 20 42 0 2/27/92 00 00 00 2/22/92 
Y , ,TRG, ,3629837 REAL 3/31/94 20 42 0 2/1/94 00 00 00 1/25/94 + 

V 
V 
V 
JA 
V 
V 

29 MAY 92 , TRG 1734718 REAL 3/31/94 20 42 0 3/19/91 00 00 00 3/12/91 
10 MAR 94 ,,,,, TR1,,,3470003 REAL 3/31/94 20 42 0 10/23/93 00 00 0 10/18/93 
06 JUL 93 ,,,,, TRG,,,2222103 REAL 3131194 20 42 0 2117193 00 00 00 2111193 
01 FEB 92 l,,, TRG,,,llO2569 REAL 3131194 20 42 0 3125191 00 00 00 3/12/91 
11 SEP 93 ,,,,, TRG,,,2484792 REAL 3131194 20 42 0 4127193 00 00 00 4122193 
17 JUL 92 .... TRG ... 1376880 REAL 3/31/94 20 42 0 4116192 00 00 00 4110192 

V 
V 
V 

V 117 JUL 92, ,,TRG,,,1376876 \REAL 13131194 20 42’0 14/13/92 00 00 00 1 419192 1 
V 104 MAR 93.. .. TRG ... 1944492 IREAL 13131194 2042 o Iioiio192 00 oo o 1 1016192~ 

01 FEB 92 ,,,,, TRG,,,1122041 REAL 3/31/94 20 42 0 10114191 00 00 0 1 0/8/9 1 
20 NOV 92, TRG ,1587605 REAL 3/31/94 20 42 0 7/21/92 00 00 00 7/15/92 
11 SEP 93.. .. TRG ... 2484794 REAL 3/31/94 20 42 0 4/27/93 00 00 00 4/23/93 

V 120 NOV 92 ,,,,, TRG,,,1581872 REAL 
-~ V j 17 JUL 92, ,TRG 1378878 REAL 

V 20 NOV 92,,,, TRG ,,1581870 REAL 3/31/94 20 42 0 7/27/92 00 00 00 7120192 
V 24 AUG 92 TRG ,,1452146 REAL 3131194 20 42 0 4129192 00 00 00 4124192 
V 16MAR94 ,TRG ,7117 REAL 3131194 20 42 0 1/23/92 00 00 00 1 I20192 

,... TRG.. 1124319 REAL 3/31/94 20 42 0 817191 00 00 00 811/91 

3/31/94 20 42 0 17127192 00 00 00 71211921 
3/31/94 20 42 0 /4/16D2 00 00 00 4/10/92, 

V 06 JAN 94,, TRG,, 2765809 REAL 3131/94 20 42 0 7/19/93 00 00 00 7/16/93 
V 01 FEB 92 ,,,,, TRG,,,1074073 REAL 3/31/94 20 42 0 411191 00 00 00 3/26/9 1 
- V 01 FEB 92 ,,,,, TRG,,,1122335 REAL 3/31/94 20 42 0 10/17/91 00 00 0 10/11/91 
V 06 JUL 93 ..... TRG ... 2267272 REAL 3131194 20 42 0 2112193 00 00 00 219193 
V 
V 
V 

11 SEP 93, ,,,TRG, 2463335 REAL 3131194 20 42 0 419193 00 00 00 416193 
04 MAR 93 ,,, TRG,,,l959295 REAL 3/31/94 20 42 0 10/22/92 00 00 0 10/16192 
22FEB94 TRG 3384657 REAL 3131194 20 42 0 10/20/93 00 00 0 I 1011 5/93 
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L . .  I 

V i 14 MAR 94 ,,,,TRl ,3520751 REAL 3/31/94 20 42 0 11 1/22/93 00 00 0 11/16/931 
V i 14 MAR 94 ,,,,, TRl ,,3520752 REAL 3/31/94 20 42 0 11 1/22/93 00 00 0 11/16/93( 
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